
AD-At22 795 SELECTION OF APPLICANTS FOR TII AIR TRAFFIC CONTROLLER 2.
OCCUPATION(U) FEDERAL AVIATION ADMINISTRATION
WASHINGTON DC OFFICE OF SYSTE., 0 8 ROCK ET AL. JUL 81

UNCLASSIFIED FAA-AM-82-il F/G 5/9 NLEl//l////i/EE
/I/I////////EI
EEI/E/I/EEI//I
/E//EEI/EEI/EE
////II//////Il
/uumuuululul..
I////I/I////mh



I. I 1.8

111_2 j*4 __.6_

MICROCOPY RESOLUTION 1151 CHARI



FAA-MI-82-11I

SELECTION OF APPLICANTS FOR THE

AIP TRAFFIC C717W1OLLR OCCUPATICM

Donald B. Rock
John T. Dailey
Herbert Ozur*

James 0. Boone

(7. Evan W. Pickrel

ckQ Federal Aviation Administration
Washington, D.C.

*Oftice of Personnel Management

July 1981

M a..

Document is Available to the Public Through the
National Technical Information Service

Springfield, Virginia 22161

Prepared For

U.S. Department of Transportation
Federal Aviation Administration
Office of Aviation Medicine
Washington, D.C. 20591

S1E

• ? + 105



NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.



Technical Report Documentaton Page

Go','-,'aAccess:' N: 2 Re.: '-- - - - -

July 1981

SELECTION OF APPLICANTS FOR THE AIR TRAFFIC - -. ,

CONTROLLER OCCUPAT 1 ON
A. % ...

Q P'0 . 'c C;- zo-NO- a-: A:-e- - -

FAA Office of Aviation Medicine
800 Independence Ave., SW
Washington, D.C. 20591

So _%o,,n Age-cc Naoe ond Aaess.

Federal Aviation Administration
Office of Aviation Medicine
800 Independence Ave., SW r A-..., :o-,
Washington,_D.C. 20591

-. Ab,'.-c' \This report covers personnel research efforts during the past nine vears
directed toward improving the selection of applicants to work in the Air Traffic Co::-
trol occupation. The report summarizes the various research efforts and makes
Ispecific recommendations for changes in present OPM tests throu'h which applicants
qualify for employment consideration in the ATC occupation, and the rating and rankin4.
procedures used to establish a register of eligible applicants for appeintment to the
occupation.

New tests developed for inclusion in a revised ATC test battery include the Multiple\
Controller Aptitude Test (MCAT) and an Occupational Knowledge Test (OKT). Both tests
are paper-pencil, machine scorable, multiple choice type tests. The MCAT presents
simulations of air traffic flow in each item. The applicant must solve air traffic
problems or a related cognitive skill problem in completing each item. The OKT
measures important aspects of knowledge associated with prior experience that are
related to successful performance as an air traffic control specialist.
The revised test battery recommended to OPM includes the Multiplex Controller AptitudJ
Test and the present OPM test, Abstract Reasoning and Letter Sequence. The Occupa-

tional Knowledge Test is used for granting additional earned credit in place of the
present OPM Rating Guide. This new test battery meets all professional requirements
for an effective test including fairness.<

17. Key Words 18l. 0:,$tt.but.on slotiieom

Selection-Air Traffic Controllers Document is available to the public
Occupational Knowledge through the National Technical Information
Aptitude Testing Service, Springfield, Virginia 22161
Personnel Research

19. Secuenty cI.11,l. (of this report) 20. Stcur.ty Cess',f. 101 this pae.) 21. No. of Pages 22. p,"re

Unclassified Unclassified

Form DOT F 1700.7 (s-721 Reproduction of completed page authorized



." I I i i 1(), ( \! 'I I I\ I C A 'i" 1, 1 ! iI I

AIR TRAFFIC CONTROL OCCUPATION

CONTENTS PACE

1 . INTRODUCT ION 1

2. HISTORICAL DEVE[LOPMENT OF PRESENT SELECTION PROCEDURES 2

3. PROBLEM AND RESEARCH OBJECTIVES 4-

4. AIR TFAFF]C CONTROL JOB ANALYSIS 6

5. OVERVIEW OF RESEARCH STU)IES 7

6. 197? STUTDY - SELI:CTION OF AIR TRAFFIC CONTROL SPECIALISTS

7. 1977 STUDY - SELECTION OF AIR TRAFFIC CONTROL SPECIALISTS

8. STUDY OF AIR TRAFFIC CONTROL JOB APPLICANTS 1976-1977 32

9. STUDY OF NEW APPOINTEES TO THE AIR TRAFFIC CONTROL

OCCUPATION 1976-1978 41

10. DEVELOPMENT OF THE MULTIPLEX CONTROLLER APTITUDE TEST 55

11. DEVELOPMENT OF THE AIR TRAFFIC CONTROL OCCUPATIONAL

KNOWLEDGE TEST 61

12. STUDY OF AIR TRAFFIC CONTROL JOB APPLICANTS 1978 71

13. STUDY OF NEW APPOINTEES TO THE AIR TRAFFIC CONTROL

OCCUPATION 1978 100

14. UNIFORM GUIDELINES ON EMPLOYEE SELECTION REQUIREMENTS 128

15. CONCLUSIONS AND RECOMMENDATIONS 156

A , -.. ' o ar

-7--
3aic

Dist IrOliz t I .ni

tI



SELECTION OF APPLICANTS FOR THE AIR TRAFFIC CONTROL OCCUPATION

INTRODUCTION

This report has been prepared to consolidate various personnel research
efforts during the past 9 years directed toward improving the selection of
applicants to work in the air traffic control (ATC) occupation. The position
classification standards for the Air Traffic Control Specialist (ATCS) Series
(GS-2152) established by the Office of Personnel Management (OPM) define three
major options within the occupation.

" Flight Service Stations (FSS) which provide preflight briefing and
assistance and advisory services to pilots during flight;

" Terminals which provide control and separation of air traffic at
airports, and,

" Centers which provide control and separation of enroute air traffic.

The Federal Aviation Administration (FAA) is the major employing agency for
ATCSs with a workforce of about 26,000 employees in the GS-2152 series. They

represent almost 50 percent of the total FAA full-tine staffing. Selection
and hiring of applicants for the occupation by FAA over the past 5 years has
ranged between 1,700 and 2,000 new employees annually and can be expected to
continue at about the same levels. The Departrent of Defense (DOD) employs a
total of about 300 civilian air traffic personnel. DOD may select applicants
from the same OPM register used by the FAA, although their use of the register
is minimal. Positions as ATCSs are essentially nonexistent in the private
sector.

This report summarizes the various research efforts and, based on the results,
makes specific recommendations for changes in:

Present OPM tests through which applicants qualify for employment con-
sideration in the ATC occupations, and,

The rating and ranking procedures used to establish a register of
eligible applicants for appointment to the occupation.

The research documents and studies referenced in the text of this report are
identified in the bibliography.

%1



HISTORICAL DEVELOPMENT OF PRESENT SELECTION PROCEDURES

Selection of ATC personnel has been an area of concern for a number of
agencies over a considerable time period. Continuing research since the early
1950's has been directed toward improving the processes by which applicants or
candidates for civil and military ATCSs are evaluated, tested, and selected.
Reference (1) provides a survey of selected research studies on ATC selection
during the period 1952-1972.

In August 1960, the FAA Civil Aeromedical Institute (CAMI) began administering
a heterogeneous battery of commercially available tests on an experimental
basis to newly selected ATCSs at the FAA Academy in Oklahoma City. After the
9 week Academy ATC training course, the student's average academic test scores
and average laboratory scores were summed to form a composite which was corre-
lated (Pearson product - moment fornula) with the composite of the experimen-
tal aptitude test scores. The coefficients ranged fro. .35 to .54. Based on
these findings, it was concluded that aptitude tests could improve selection
of ATC applicants who would be successful in the occupation.

The commercial tests used experimentally were considered to be more suscep-
tible to compromise than those controlled by the Civil Service Commission
(CSC). Consequently, those commercial tests that showed the most promise were
used to identify CSC tests which were similar in factor content. Table I
identifies the five tests and the zero-order correlations derived from these
studies (2). These CSC tests and an additional Air Traffic Problems Test
developed for FAA were then employed, beginning in 1961, in another series of
testing sessions at the FAA Acadey. Subsequent regression analysis resulted
in identifying five best predictors of training success using course grade and
pass or fail status of ATC students.

TABLE 1 CSC TEST VALIDITIES

Testing Dates: (N = 143 - pass)
Septenber 1960-June 1962 (N = 183) (N = 40 - fail)

CSC Tests1  Course Grade Pass/Fail

CSC 51 Spatial Patterrs .37** .27**
CSC 24 Computations .28** .16*
CSC 157 Abstract Reasoning .28** .18*
CSC 157 Letter Sequence .55** .45**
CSC 135 Oral Directions .23** .23**
CSC 540 Air Traffic Problems .41** .29**

*p L .05; **p4 .01

iTest number assigned by CSC

2



Beginning in 1962, the test battery identified in Table I served as a major
determinant in the selection of one-third of the applicants with little or no
prior ATC related experience. Applicants with experience continued to be
selected without a requirement for formal testing. CAMI continued to collect
and analyze data on the test battery after its adoption by the CSC. In
January 1964, the CSC battery was introduced as a means to qualify all appli-
cants regardless of their previous experience, although air traffic related
experience continued to be used as a ranking factor for placing applicants on
the CSC register for selection.

In October 1968, further modifications were made to the ATC selection system
aimed at relieving a shortage of ATC personnel in a rapidly expanding ATC
system. A major change provided for hiring applicants with specialized ATC
experience (particularly in military radar control) at a higher grade (GS-9/
GS-lI) without requiring that they take the CSC test battery.

These ATCS selection procedures renained essentially unchanged from 1968 until
1973 when a maximum entry age (31 years) for the Center and Terrinal options
was established by Public Law 92-297. At this time, CSC and FAA re-estab-
lished the requirement that all ATC applicants take the CSC test battery and
achieve a score of 210 or higher for employment eligibility. From 1973 to the
present, the ATC selection procedures have remained essentially the same.

The methods and standards for establishing ATC employment eligibility have
varied from time-to-time since 1962. However, the total selection process has
typically involved two elements: the use of the CSC test battery to determine
eligibility for employment; and the weighting and use of prior aviation-
related experience either directly or indirectly in selecting from among those
applicants eligible for employment. References (2), (3), (4), and (5) provide
sources for more detailed information on the development of ATC selection pro-
cedures and (Chapter I of reference 6) presents a more extensive discussion of
current selection processes.



PROBLEM1 AND RESEARCH OBJECTIVES

Attrition of ATCSs during the developmental training period has been an area
of continuing concern for the FAA. Analysis of training losses over the past
9 years highlights the fact that attrition ranged between 25 and 40 percent
during the 2 to 5 year training period required to reach the full performance
level CFPL). The maejor part of this attrition resulted from the inability of
trainees to acquire and demonstrate the skills and knowledge to progress
satisfactorily through the training prograr. This has been the case indepen-
dent of whether or not the training has been conducted on a con'pletely decen-
tralized basis or when selected phases of training have been conducted at the
FAA Academy on a centralized basis.

Attrition rates of this magnitude involved investment losses of millions of
dollars annually to the FAA in salaries, training, and travel costs. Of equal
importance to maintaining an adequate staff of full performance controllers is
the irretrievable loss of "tine," since a new applicant hired as a replacement
must start at the beginning of the training cycle.

This significant investment loss to the FAA has two major components. First,
the screening and selection criteria used to determine which applicants to
hire for the occupation; second, the length of time taken to identify trainees
who do not demonstrate the ability to progress to the full performance level
required by the occupation.

To establish more comprehensive and uniform training, and to provide earler
identification of trainees who do not demonstrate the necessary skills and
abilities, the FAA re-established a centralized ATC Initial Qualification
Training Program at the FAA Academy' for the terminal and center options 3nd
restructured the follow-on training conducted at the ATC facilities in January
1976. Selected phases of training leading to FPL are conducted on a pass/fail
basis using defined job-related training outcomes and standards. A comparable
pass/fail training prograim was established for the FSS option in Septemrber
1978.

Terminal, center, and FSS initial aualification training at the FAA Academ~y
consists of approximately 15 weeks of instruction in both academic and labora-
tory environments where students must demonstrate the ability to learn and
apply the knowledge and skills taught at the Academy. Failure to pass the
training is the basis for removal from the ATC occupation or the FAA. While
the attrition rate fluctuates from class to class, the average loss rate
during the initial qualification training over the past 3 years in terminal
and center training has been 24 percent. Four percent of the students volun-
tarily withdrew from training and 20 percent failed the course. This rate
varies for each year. For 1977, the failure rate was 21 percent and with-
drawal 5 percent; for 2.978, failure 30 percent and withdrawal 8 percent; and
in 1979, failures were 28 percent and withdrawals 7 percent.
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The FAA Academy training has been effective in providing early identifi-ation
of those trainees who do not demonstrate the necessary abilities to progress
to the jorneyran ATCS level. Between 1970 and 1976, when all AT(C training was
conducted on a decentralized basis at the individual ATC facilities, the
average length of service for ATC trainees who separated from the occupation
was between 18 and 24 zonths. With initial qualification training conducted
at the FAA Academy, most attrition which can be expected to occur due to per-
formance takes place during the first 5 nonths of employnent. By itself, this
change in FAA ATC training provides a cost avoidance on the order of $10.0 to

$12.0 million a year.

There still remains, however, the concern with the overall attrition rate of
ATC trainees. For example, salary and training costs for the initial ATC
qualification training prograu represent about $10,000 for each employee
hired. With a hiring rate of 1,800 new employees annually, a 24 percent
attrition rate equates to an investment loss of about $43 million each year.

Consequently, the primary purpose of this personnel research is to develop
improved selection procedures in order to hire those applicants who clearly
denonstrate aptitute for ATC and whose potential for success is greatest.

References (8), (9), and (10) provide sources for more detailed information on
ATC traininee attrition, costs, and training programs.
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ATC JOB ANALYSIS

The Dictionary of Occupational Titles provides a general description of the
functions and activities of ATCSs in each of the options. In addition, more
detailed job/task analyses have been completed for a variety of purposes.

" Position Classification. In 1978, the CSC completed a revised
Classification Standard for the GS-2152 ATC occupation which identifies
knowledge, skills, and aptitudes required in the FSS, tersinal and
center options.

" Performance Evaluation. Between 1971 and 1975, the System Development
Corporation under contract with the FAA completed a detailed job/task
analysis of the terminal and center options, to identify the basic
skills needed for successful performance of each task required of a
controller, as a basis for developing objective performance standards
and measures. The results are currently used by the FAA in conducting
"over the shoulder" evaluations and extended training reviews for ATCSs
under the ATC Technical Appraisal Program (TAP).

" ATC Work Attributes. As part of a broader research study on ATC selec-
tion, Education and Public Affairs (EPA), Inc., under contract with the
FAA, completed an analysis of the work attributes associated with the
ATC occupation and proposed methods for their measurement. Their
report (7) identifies nine major demands of ATC work (e.g., cognitive
req uirelents); over 30 attributes (e.g., judgment and reasoning
ability) associated with job demands; and, describes one or more ATC
tasks related to these attributes.

In addition to these more recent ATC job analyses, others going back'to the
1950's have been conducted (1).
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OVERVIEA OF RESEARCH STUDIES

Personnel research related to different facets of the ATC occupation has been

a continuing FAA program since the early 1960's. This report, however, will

focus on the results of studies directed to initial selection of applicants,

particularly the development of screening tests and the use of prior aviation

experience in the selection and placement process. Over the past 9 years,

studies have encompassed samples of four major population groups.

FPL ATCSs;

Developmental ATCSs with several years of ATC training who have not

reached FPL status;

New ATC appointees who were just entering the occupation; and,

Applicants for ATC work.

While a number of interrelated studies have been completed, perhaps the best
way to provide an overview is to briefly identify them. in a chronological

seauence although they were obtain conducted as parallel efforts.

1972 - FAA ATCSs. A major study (12) of some 14 experimental tests as
candidates for improving selection of ATCS applicants was completed by
EPA. The study was based on concurrent analysis of about 800 ATCSs

covering all three options and included both journeyman and new

appointees in the ATC occupation.

1977 - FAA ATCS. Based in part on longitudinal analysis of the infor-

ration obtained in the 1972 study, EPA completed a comprehensive

analysis of 11 experimental predictors involving over 3,000 employed

and separated ATCSs. This study (13) -lso encompassed all three ATC

options.

1976-1977 - Applicants for ATC Work. Since no information was avail-

able on the characteristics of the population which applies for ATC

work, CSC, at FAA's request, administered three of the experimental

tests or predictor forms along with the present CSC test battery to

about 7,500 applicants for ATC work when the exam was opened in the FAA
Eastern and Southern Regions. The information obtained provided a

variety of necessary data on the characteristics of individuals who

express an interest in the ATC occupation by taking the qualifying CSC

test. It also provided a basis for correcting for restriction in range

in the statistical analysis of CSC tests and experimental predictors

administered to those individuals hired for ATC work.

• 1976-1978 - New Appointees to the ATC Occupation. With the establish-
ment of the ATC initial qualification training at the FAA Academy in

1976, the Office of Aviation Medicine and CAMI initiated a continuing
program of experimental test development, administration, and analyses
of data on new hires in the center and terminal options. Experimental

tests, including those used in the 1977 study by EPA and administered

7



to the applicant population by CSC, were given to new ATC hires at
the FAA Academy prior to the beginning of training. In addition, the
CSC test battery scores were obtained for each individual whenever
possible. About 3,000 new A'fC hires were included in this study with
complete data on all variables for over 1,800 appointees.

Analysis of the data for this sample together with the informa-
tion obtained on the 7,000 applicants by CSC in 1976-77 provided the
basis for identifying those existing CSC or experimental tests which,
in combination, resulted in the best prediction of success in ATC
training. It should also be pointed out that this sample group (and

subsequent ATC training classes) provide the basis for longitudinal
analysis of tests and training scores with on-the-job training and
success as employees progress toward FPL status.

1978-1979 - New Appointees to the ATC Occupation. Based on analyses
completed through 1977, the FAA Office of Aviation Medicine developed

parallel forms for those experimental tests which provided the best
predictive capability. Beginning in June 1978, two parallel versions
of the tests were administered to each employee entering ATC training

between June 1978 and January 1979. About 1,100 trainees comprise
the sample for this study. The data provided the basis for item
analysis of the parallel test forms and together with other variables,

their correlation with training success or failure.

1978 - Applicants for ATC work. During September - October 1978, the
CSC reopened the ATC exanination for applicants. At FAA' s request,
CSC administerea the parallel forms of the experimental tests used at

the FAA Academy along with the standard CSC ATC test battery. CSC
also obtained information on sex and ethnic groups, for these
applicants, which previously had been unobtainable. This applicant
population was comprised of about 7,000, including about 1,000 who

took the examination on a "walk-in" basis as part of the affirmative
action recruitment program. This information provided a basis not
only for item analysis of parallel test forms relative to the applicant
population, but an opportunity to evaluate the effect of changes
in tI. qualifying test battery on selection alternatives and criteria.

8



The general relationship between these studies 
is shown in Figure1

They are summarized in the following sections 
with respect to:

*Objectives

*Sample Descriptions

*Predictors

*Criterion Measures

*Analytical Methodology

*Results
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1972 STUDY - SELECTION OF AIR TRAFFIC CONTROL SPECIALISTS

Objectives. The focus of this research was on selection as related to job
performance. It was based on concurrent validity analysis. The primary
questions addressed were:

To what extent is it possible to predict the quality of job
performance of a journeyman ATCS from a battery of tests adminis-
tered at the time of job application?

To what extent can improvement be achieved by assigning applicants
consistently to one of four selected ATC options (FSS, Center, IFR
or VFR terminals) and within these, into high or low density (activity)

facilities?

• To what extent do the measures selected to accomplish the above
objectives affect black and white applicants with an equal degree
of fairness?

Sample Description. The total sample was comprised of approximately 800
employees who were either journeymen ATC specialists (FPL) or new ATC
appointees including an oversample of black ATC specialists. Sample
selection provided for distribution between four types of ATC facilities
(Centers, IFR and VFR Terminals, and Flight Service Stations). Samples
for Centers and IFR terminals were further stratified between high and
low activity facilities. Racial distribution, including the oversample,
was 93 percent white and 7 percent black.

Using 15 major cities in the U. S., the sample was randomly selected
(except for the oversample) from ATC facilities within a 100-mile radius
of the 15 hub cities. Sampling was controlled to exclude ATC specialists
over 36 years of age and to insure that FPL Specialists had no less than
3 years nor more than 10 years of ATC experience with FAA. Because of the
small number of wmen in the ATC workforce, it was not possible to stratify
the sample selection based on sex. Participation on the part of ATC
specialists was voluntary. All subjects were administered a battery of
paper-pencil tests or forms including the present CSC test battery.

In addition, a subsample of about 260 ATC Specialists who took the
paper-pencil battery were administered a series of "psychomotor" tests in
a separate testing session at FAA facilities at Oklahoma City. Of the
journeymen, 34 percent took the psychomotor tests together with 32 percent
of the new appointees. Selection of this subsample was controlled for region,
type of ATC facilities and variance on the confidential supervisory per-
formance evaluation which was used as the criterion measure. Racial
distribution of the "psychomotor" subsample was 83 percent white and 17
percent black.
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Predictors. In selecting predictors for this study, four objectives were
considered:

. They should cover as broadly as possible, the range of job
and worker attributes identified with the ATC occupation.

. Experimental tests should not substantially overlap areas already
covered by the existing CSC test battery which was to be adminis-
tered to the ATC Specialists.

. Experimental tests should be selected which, based on prior
research, appeared to have potential validity for ATC selections.

. The two selected test batteries (paper-pencil and psychomotor)

should not require more than 8 hours each to administer.

Within these objectives, the following were selected:

*Paper-Pencil Battery

- Aptitude Tests

Cur'rent CSC test battery (5 parts)
Minimum Coins test
Dial and Table Reading Test

- Knowledge and Interest tests

Dailey Technical and Scholastic Test
ATC General Information Test

- "Personality" Tests

Concept-Adjective Test
Closure Speed Test

- Background Information

Biographical Inventory

*Psychomotor Battery

Directional Headings Test
Hidden Patterns Test
Press Test
Controller Decisions Evaluation (CODE) Test
Multiple Task Performance Test
Compressed Speech Test

12



The Paper-Pencil Battery was administered to the total sample group.
Test administrators were FAA employees, trained by Edu2ation and Public
Affairs. The Psychomotor Battery was given to the subsample at FAA
facilities in Oklahoma City where equipment required for adrmnistration was
available. Detailed discussion on the source, nature of the test, method
of scoring, reliability and validity for the selected tests is provided
elsewhere (i ,. The contractor obtained and kept all test results
and information on individual ATC Specialists on a confidential basis.
No individual data were provided to FAA.

Criterion Measure. After examining a number of alternatives, a Confidential
Supervisory Evaluation form was used as the criterion against which experi-
mental tests were validated. These evaluations were obtained by the con-
tractor directly from the ATC Specialists' supervisor. They were not reviewed ,
FAA nor were copies provided to the agency. The contractor retained all
individual evaluation data on a confidential basis. The evaluation covered
the broad areas of performance within a number of task behaviors for each
area.

Performance Area Task lt c-

Knowledge 3
Perception 6
Comprehension 6
Memory 2
Communication 8
Judgement 4
Traffic Management Techniques 4
Performance Work Stress 4
Interpersonnel Skills 3
Other personnel skills 5

In addition an "Overall Performance" category consisting of four task
items and a summary evaluation were obtained. The summary evaluation
was a seven-point rating scale with "1" being the highest performance and
"7" the lowest.

Descriptive Information. Based on biographic responses from 304 FPL ATC
Specialists, the following background and educational information was
obtained:

98% were men; 2% women
96% had prior military service
72% claimed prior (military) experience as a controller
2% claimed experience as a pilot

48% took the CSC test battery for appointment; 10% more than
once,before passing
97% completed high school
25% attended col ege; less than 1% completed college



Analytical Methodology. Data collected were subjected to a variety of
statistical treatments. Among the principal methods were:

" Multiple regression analysis in which test measures were
correlated with performance evaluation measures to determine
how well they predicted job performance.

" Analysis of variance for testing differences between groups;
minority and non-minority; journeymen and new appointees;
and, those hired with previous aviation-related experience
compared to those hired without such experience.

" Mutltiple discriminant function analysis, in which tests were
evaluated in terms of their ability to maximize placement
within option and activity levels.

Results. In summary, this study concluded that:

1. Capacity of the tests to predict job performance of journeymen
ATC specialists produced mixed results. The CSC test battery was
marginal in predicting job performance, as measured by
supervisory evaluations. This result, however, was due pri-
marily to the restriction in range of the CSC test predictors.
This restriction resulted not only from the selection processes
but also from the screening which took place during the develop-
mental training period as the controllers included in the sample
progressed to the journeyman (FPL) level. This study did not
attempt to correct for the range restriction and consequently
the predictor relationship of the CSC Tests to the job per-
formance criteria was not determined. The psychomotor tests
developed consistently significant correlations with supervisory
job performance evaluations.

2. By combining paper-pencil and psychomotor tests, the analysis
indicated that it was possible to improve assignments to the
different ATC options based on tests results and, with additional
tests, to high or low density center or IFR terminals.

3. If relevance to the job is the primary factor in determining
test acceptability, the tests proposed from the research met
that criterion. They also predicted job performance equally
well for each racial group (black and white). However, blacks
as a group consistently scored lower on the tests than did whites.

14



This study provided FAA with valuable information and insights on the
problems associated with selection and placement of applicants for ATC
work. However, action on the research results and recommendations was
deferred due to a number of considerations including the complexity of
the specialized equipment required for the psychomotor tests, logistical
1ifficulties in test administration and complexity in test scoring and
ranking of applicants.

15i



1977 STUDY - SELECTION OF AIR TRAFFIC CONTROL SPECIALIL'rS

Continuing concern with the rate of ATC trainee attrition and considera-
tion of reestablishing centralized ATC training at the FAA Academy
resulted in a review of FAA selection and screening polcies in
December 1974 - and completion of a cost analysis study of alterna-
tives-" in March 1975. Among the actions resulting from this review,
FAA contracted with Education and Public Affairs, Inc., (EPA, for a
follow-on analysis of ATC selection tests in Ju.? 1975. A surry of
the final EPA report is provided elsewhere '''.

Objectives. The objectives of this research were directed to essentially
the same concerns as the previous (19'2) study completed by EPA: selection,
placement, and fairness. However, the study design significantly expanded
the sample size, structure, and representation; encompassed more criterion
measures of ATC job success; and incorporated an evaluation of prior
aviation-related experience and educational level as predictors of ATC
job success.

Longitudinal Analysis of 1972 Experimental Tests. The first effort in
this study was to analyze on a longitudinal basis the relationships
between the experimental test results obtained during 19-1 and criterion
measures related to the ATC specialists who participated as of 1975.
Validity coefficients of each test score with each criterion measure were
calculated. A factor analysis of the tests was also undertaken to deter-
mine overlapping of underlying variables. The tests selected from these
analyses were then subjected to multiple regression analysis to deternmfne
the minimum number of tests or test scores which would predict the
maximum proportion of variance in each of the criterion measures.
Table 2 identifies those 1971 experimental tests and predictors (X

which, based on their simple correlation with the various criterion measures
established for the analysis, warranted further study by means of field
validation.



Table 2 Predictor and Criterion Measures of ATC "Success"
(1975) for Controllers Participating in 1971 ATC
Research

Sepa- Progressior+ Present 1971 Supv. Sup/Staff
ration Attrition Option Assess. Position

MEX X X X X X-
Dial Reading X X ....
Dir. Heading X . .. . X -
Air Traffic Prob.* - - - X X X -

Arith. Reasoning* -. X
ATC Geeral Info. X . .. . ..
Concept Adjective X X - X - X -

BiographicalInfo. X X - X X X X

*Air Traffic Problems CSC Test No. 540

**Arithmetic Reasoning was Part 5 of the Dailey Technical and
Scholastic Test (TST)

***Supervisory asessment criterion data available for 1971 FPL
ATCS only. No new 1971 appointees progressed to ATC super-
visory or staff positions by 1975.

With some modifications these experimental tests used in 1971 became the
"core" test battery for the 1977 research. A more detailed discussion
of the methodology and results of this longitudinal study is provided
elsewhere (14).

Sample Description - 1977 Study. A comprehensive sample design was
constructed to define the ATC population to ensure a representative
sample for three specific "year of hire" groups. These groups repre-
sented three ATC career "stages": (1) New Hires (1976); (2) Develop-
mental ATC Specialists with 2 to 3 years ATC experience with FAA (19(3
and 1974); and, (3) ATC Specialists with 2 to 6 years experience at the
journeyman (FPL) level (1969 and 1970).

In addition to these primary ATCS samples, three additional ATCs
samples were included:

An oversample of currently employed women and minority
ATCS's in the same three "year of hire" groups.
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* ATC Specialists who participated in the 1972 research.

* A sample of ATC specialists who were hired during the three
time periods sampled, but who had separated from ATC work
before reaching FPL status.

Sample selection was constrained to exclude employees who were in ATC
staff or supervisory positions or over age 31 at the time they were
hired except in the FSS option.

Sample selection for the three primary groups was based on stratified
random sampling methods to provide a proportionally representative group
of the total constrained ATC universe for each of the four ATC "options"
(FSS, VFR, IFR, and ARTCC) with respect to both the initial and current
option of assignment.

Table 3 identifies the various ATC specialists samples by year group, the
total number desired and the samples actually obtained. Since participation was
voluntary, the number invited was expanded where possible to provide for
declination and nonresponses.

TABLE J. ATC SPECIALIST BY YEAR HIRED,
SAMPLE GROUPS AND ATC CAREER STATUS

ATC Sample ATC Percent of
Year Year Career Number Desired Obtained Desired
Hired Groups Status Invited Sample Sample Sample

1969-70 (1) Employed ATCS FPL 1344 800 754 (94%)
(2) ATCS Oversample FPL 151 200 31 (6%)
(3) Separated ATCS DEV --- -- 362 --

1973-74 (1) Employed ATCS DEV 1127 800 740 (93%)
(2) ATCS Oversample DEV 258 200 72 (36%)
(3) Separated ATCS DEV ... ... 166 ---

1976 (1) Employed ATCS New Hires
(DEV) 610 610 590 (97%)

1971 (1) Employed ATCS FPL 480 480 270 (56%)
(2) Separated ATCS FPL/DEV --- 74 ---
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The number of women and minorities who volunteered was not adequate for
analysis by year group or ATC option. Consequently, the analysis on test
fairness combined year and option groups to provide 235 women and 321
minorities. The oversample for women and minorities was used only for
analysis of the fairness of the ATC "success" predictors. The final
EPA report "In.iw r vii ,,i cic, , I,) i
I , -, I , '! i') I, tI ,1d ", I,, \

Predictors. Two of the tests used in the 1972 study were modified for
use in the 1977 research.

CODE (Controller Decision Evaluation). This test consisted of
three film versions of a computer simulation of moving air

traffic patterns appearing on a radar scope. Initially these
were converted to slide projector presentation to eliminate the
need for movie projector equipment and to simplify both the
response recording and scoring. Group administration of the
various adaptions of CODE during this test development phase
clearly pointed up the practical problems of using film or slide
projection equipment in test administration. Consequently. a
paper-pencil version was developed which incorporated measures
of abilities to identify potential conflicts of aircraft as well
as the traditional kinds of aptitudes within an air traffic control
context. The resulting test, the Multiplex Controller Aptitude
Test (MCAT) was made available to EPA as a substitute for the
CODE tests.

Arithmetic Reasoning. In the prior research, the arithmetic reasoning
test was one part of the Dailey Technical and Scholastic Test (TST).
Since this part could not be given as an isolated test, an Arithmetic
Reasoning test developed by the Army Air Force, which was similar,
was used in the 1977 research.

In addition to the predictors derived from the longitudinal analysis of
the experimental tests administered in 1971, three other predictors were
used.

Pre-employment Experience Questionnaire (PEQ)

To obtain specific data from participating ATC specialists on
various kinds of pre-FAA experience and education, a questionnaire
was developed from the CSC Rating Guide elements used as a basis
for granting additional credit in the ATC employment selection
process.
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" ATC Occupational Knowledge Test (OKT)

This test was developed to be "job-knowledge specific." Conse-
quently, it was not included in the 1977 research for the purpose
of evaluating its use in screening ATC job applicants for employ-
ment eligibility. It was used to measure the "quality" of prior
experience as a potentially improved basis for granting additional
credit for experience in the selection process in place of the
existing CSC Rating Guide.

" Sixteen Personality Factor Questionnaire (16 PF)

The 16 PF Questionnaire is administered as part of the medical
qualification process to all entering ATC Specialists. It is de-
signed to measure important personality characteristics not other-
wise measured and the 1977 research offered the opportunity to assess
its utility for possible selection or placement purposes.

The experimental test battery used in the 1977 research may be divided
roughly into two groups of instruments; (1) Cognitive Predictors, tests,
which have predetermined right or wrong answers; and (2) Other Predictors
where applicant responses ordinarily have no inherent value of "right" or
"wrong" except as measurable against criteria or values external to the
"test." The following identifies the predictors used within these two groups.

Cognitive Predictors

Multiplex Controller Aptitude Test (MCAT)
Directional Headings Test
Dial Reading Test
Arithmetic Reasoning Test
ATC General Information Test
Present CSC Test Battery (5 parts)
ATC Occupational Knowledge Test

" Other Predictors

Pre-Employment Experience Questionnaire
Concept Adjective
Biographical Inventory
Sixteen Personality Factor Questionnaire (16 PF)
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Rather than re-administer the present CSC test battery, the intent was to

obtain the CSC test scores for participating ATC specialists from existing
records. However, this did not prove to be feasible for a large number of
the employees in the sample. Consequently, analysis of the experimental
tests in relation to the existing CSC test battery as predictors of ATC
success was not possible in this study.

The "cognitive predictors" and "other predictors" were each analyzed
separately against the criterion measures used to define "success" in the
ATC occupation. They were also analyzed together in a supplemental report

15) to determine the extent to which "other predictors" added to the
validity of the "cognitive predictors."

A discussion and description of each of the predictors used in the study
including relevant prior research, reliability and validity is provided
elsewhere ch,1ptLer VI 0I rC reItI'V 14)

For analytic purposes, the objective was to obtain pre-employment and
education information on all ATC specialists in the sample groups. The
experimental test battery was administered to approximately 50 percent
of the 1969-1970 and 1973-1974 sample and all new hires in the 1976 group.
Selection of employees to take the experimental test battery was controlled
to provide proportional distribution by ATC option within each year group.
The experimental tests were also administered tc all employees included in
the ATCS oversample groups.

iredictor data were obtained in several ways. The Prior Experience Question-
naire (PEQ) was completed by the ATC specialists at the time they agreed to
participate. The experimental tests were administered to the new hires
at the FAA Academy on their first day of attendance by the EPA staff
assisted by FAA personnel. For those ATC specialists assigned to facilities,
the tests were given by FAA test administrators who were trained by EPA.
A full discussion of the data collection methodology is provided in the FAA
report (ChajpLe, V II 01rcl CrcncC I.1 )

Criteria and Measures of ATC Success. To determine how valid experimental
tests, prior experience and education are as predictors of ATC success,
operational definitions (criteria) of success and ways to quantitatively
measure them had to be established. The following four criterion measures
were used in the study and were then combined into a single "aggregate"
measure of ATC success.
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" Training Performance. This was measured by scores received on
the ATC Laboratory Problems and the Controller Skills Test during
initial ATC training at the FAA Academy. These scores were selected
since they require students to demonstrate operational application
of academic knowledge.

" On-the-job Performance. This was measured by confidential job/task
assessments prepared by the employee's supervisor. It included
54 questions on ATC job tasks and four general questions on quality
of job performance. Responses to a seven-point "overall" rating
scale were selected as the measure for on-the-job performance.

SProgression This was measured by the ATC "option" c wthich the
ATcs was initially assigned when hired, compared to th.e "option"
the ATCS was assigned to on January 1, 1976.

Four "options" were defined to represent general complexity levels
of ATCS work (FSS, VFR, IFR, ARTCC) with ARTCC defined as tne
"highest" complexfity level. Within this hierarchy, progression
values were established as follows:

S"H4gh"--assigned when an ATCS was in an option of a com-
plexty level the same as or higher than the initial option
to which assigned (i.e., VFR initial assignment; IFR current
assignment on January 1, 1976).

"Low"--asigned when an ATCS was in an option of a lower
complexity level than the option to which initially
assigned (i.e., ARTCC initial assignment; FSS current
assignment on January 1, 1976).

Attrition. This was measured by whether or not ATC Specialists hired
during the year groups sampled for this study were still employed in
ATC work. Those still employed as ATC Specialists were assigned a
"high" score; those separated were assigned a "low" score.

Aggregate Criterion of ATC Success. This was constructed from the
four individual criterion (training, on-the-job performance progres-
sion and attrition) and their measures and provides a five-point
scale value for ATC "success."

The predictors of ATC "success" used in this study -- experimental
tests, prior experience, and education -- were analyzed for validity
against each of the four criterion measures of ATCsuccess" -- training
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scores, supervisory assessments, progression, and attrition. Final
conclusions and recommendations are based on the validity of the
predictors with the aggregate criterion of ATC success. A full
discussion of the development of each of the criterion measures is
provided in the EPA ReporL iiz ipt 1 ', -: 1ik!t, ,L 1-,).

Descriptive Information. Data on the education and experience background
of ATC specialists who participated in the 1977 study are orovided in the
EP.\ Report (CI1 ptc r VI I oi rciL, r-,n, . I -i. . , I I L " .:! . . , 1 . .- . :.
Lt' L li hrvv " vcAr-o f-h ire" -]-r II ,Iq -l 1" -

Ievel , I:!iit irv scv-i c I nd pilt tCI:-:rivI0.. .I. t L -

saripIe 2 t l S C I CC Led VZ ribl} ICs

TABLE 4. EDUCATION AN, EXPZRIEN LEVELS

Year Hired as ATCS
1969-70

Prior to 1969 19-3 1973-74
1971 197C 1974 Oversar le 1976

(N=304) (N=659) (N=661) (N=11,3) (N=592|

High Schocl 72% 34% 24% 25% 16%

Some College 25% 53% 53% 59% 56%
College Degree(s) 1% 13% 23% 16% 2P
Military Service 96% 75% 74% 56% 71%

ATC Experience 72% -- -- --

IFR -- 35% 39% 27% 32%

VFR -- 39% 38% 26% 37%

Pilot 2% 30% 34% 11% 33%

The sample of 304 ATCS hired prior to 1971 was derived from the 1972 study (ill'
ATC Specialists could have been hired between 1960 and 1970.

Analytical Methodology. Before undertaking the validity analysis, a number
of preliminary analyses were made to:

Substantiate that the sample of ATC specialists who did volunteer
was not, except for the proportion of minorities, essentially
different from those who did not volunteer.

" Calculate the means, standard deviations, reliability, and inter-
correlations of experimental predictors and ATC success criterion
measures.
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Determine that the order of MCAT test ad-rnistration d nct affect

test results.

Analyze training scores and convert them to standardized(Z) scores.

Analyze pre-employment expertence and estatiisn empircal scale

values for validation.

Analyze predictors for inclusion in the validatcr stu'J.

A full discussion of these preliminary analyses 's provJiec the EPA

tI hro1

As a result of these prelLminary analyses, two of tne cogn.tive tests

were excluded from the validation. analysis.

Civil Service Tests. 7nTe inacility to oboa-n tne scores or. tne
CSC test battery for a significant n=_m-er of A77 specialists fn
the sample and the effect of restrict.. in ran.e or. tncse scores which
were available, seriously interfered wotn proceeding wtn tne
validity analysis of the C25 tests in the EPA study.

ATC General Information Te'ts. This test was excluded fro validity
analysis since it was only administered to the new hires attending
the FAA Academy training; it was not given to the 1973-74 or 1969-70
ATC samples because of time constraints on field testing.

Consequently, the following predictors were included in the primary vali-
dation analysis:

Multiplex Controller Aptitude Test (MCAT)
Directional Heading Test
Dial Reading Test
Arithmetic Reasoning Test
ATC Occupational Knowledge Test (OKT)
Pre-employment Experience (PEQ)

The following non-cognitive predictors were included in the supplemental
validation analysis:
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Concept Adjective
Biographical Inventory
Sixteen Personality Factor Questionnaire (16PF

In summary, the validation methodology for the cnitfve predictors (and
prior experience) consisted of the following steps:

1. Statistical analyses of each of the smallest homogeneous samples
(i.e. each ATC option and all ATC options combined w::nn eac.

year group against each of the four individual A s7

criterion separately). This resulted in 1!' serarate analvses.

2. Predictors selected from Step I (based or validity coefficients
and significant levels) for each ATC option and all AT opt-nr.s
combined across all year groups were then analyzed to iden t_4f
the best overall set of predictors for each of the four individual
criterion measures. This resulted in 17 separate analvses.

3. Results of each of the four individual criterflr. -easures ;ere
then examined for each ATC option and all octns oomzinet to
determine the best set of predictors across criterion measres.
This resulted in 17 separate analyses.

4. The final set of predictors from Step 3 were then validated against
the aggregate ATC success criterion leading to derivation of
weighted test and experience scores. This involved five separate
analyses.

5. The weighted test battery and experience scores were then validated
against the four single criterion measures. This involved four
separate analyses.

The specific analytical techniques applied and the rationale for each of
i ~ ~ ~~tilt, tt pt :; ill til , w t th , ('l,1 " ; ' , l " : [ . , ,: :' c i. 't '

F It 'l' l, L I ,. l ilt. .t l [ i L !71 If ,11 ;: : ItL \ , [ : , i t : ; i ,

p~ro" ,x it.c ill Cil,11)tc.1 - X I, \ 1I . I, Ill ',I i XA t, ,.t t ) 'l, I ,t ,
A llptu' i! , L,, : I i t Il IP,', rc j , ( ] ,)

The methodology previously discussed was modified for analyses of the
non-cognitive predictors to compensate for the differences imposed by the
use of "personality" as opposed to aptitude or knowledge tests.

The most significant change in methodology resulted from the need to
empirically establish the appropriate directionality of the various non-

cognitive predictor scales before undertaking validity analysis. The
specific analytical techniques applied in evaluating the non-cognitive
predictors are identified in reference i ,.
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The methodology to evaluate the fairness of the experimental test atter
prior experience and the Occupational Knowledge Test was direc ed to
determining differential validity in accordance with the Uniform Guiex.
on Employee Selection Procedures (It which state:

"When members of one racial, ethnic or sex group characteristically
obtain lower scores on a selection procedure than members cf
another group, and the differences are not reflected 4n differene_

in measures of job performance, use of the selection crocedur_

may unfairly deny opportunities tD members of the group tno
obtains the lower scores."

The methodology for evaluating fairness aspects of the predftr:rs
in this research is discussed in (I -i't- :,IK\ i: , -

Results. The following briefly summarizes the results of hnis researr.-
study. More detailed discussion is provided in references

Selection

Two of the experimental tests--Multiplex Controller Apt~tice
and Directional Headings--predicted the ATC success criteria
established for the study at statistically fcanscly_gn_,_ a - ie,,els
confidence for all ATC options combined and for the three prir":
year groups sampled (1969-70; 1973-74; and 1976). Two other
perimental tests--Arithmetic Reasoning and Dial Reading--eitt-er . :
not predict the ATC success criteria or d4d not add apprecialt%
the prediction values obtained from MCAT and Directiona e

Preemployment aviation-related experience and the AT Occupat>_- 'i
Knowledge Test, while not intended for use in deteruining in
appointment eligibility, predicted ATC success at stat4S-4
significant levels of confidence and increased the validity co-
efficients obtained with the experimental tests.

" Education beyond high school level prior to FAA employment dkJ no
predict ATC success in either a positive or negative direpot'cn.
Essentially all of the controllers in the samples included
study had at least a high school education.

" Other experimental instruments--16 Personality Factor Questionna re,
Concept Adjective and Biographical Information Questionnaire--4 n,

add appreciably to the predictive capability of the experimental
test battery, preemployment experience and the ATC Occupational
Knowledge Test.
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The validities derived from the analysis of combined predictors against
the Aggregate ATC Success Criterion by ATC option for all year groups
combined are provided in Table 5. Weights for the experimental tests
were derived from the multiple regression analysis. Separate weights
were developed for each test for each ATC option and for all ATC options
combined. The derived weights for all ATC options combined were MCAT
Conflict--37; MCAT Aptitude--21; Directional Headings--15; and, Dial
Reading--O.

TABLE 5. VALIDITIES OF COMBINED PREDICTORS
AGAINST THE AGGREGATE ATC "SUCCESS' CRITERION

(BY ATC OPTION -- ALL YEARS COMBINED)

Weighted Test Weighted Test Battery
Weighted Test Battery Plus and PEQ Plus

ATC Battery Scores PEG OKT
N r df R df R

FSS 196 .23** 193 .Z6** 192 .26**
VFR 479 .26** 474 .44** 423 .45**
IFR 499 .26** 494 .39** 443 .43**
ARTCC 445 .30** 425 .32** 388 .37**

All Options 1309 .26** 1287 .32** 1205 .34**

** 2 p4.O1

Academy trainees (1976) in the Terminal option were not identified by IFR
or VFR options. Consequently, they were included in both the IFR and
VFR option Ns, but only counted once in the total N's for all ATC
options.

Reference (13) Appendix A shows the validity coefficients derived for
the experimental test battery (unweighted), prior experience, ATC
Occupational Knowledge Test (OKT) and education level for each of the
four ATC success criteria (excluding the aggregate criterion) by ATC option.
Appendix B (13) shows the validity of selected experimental tests with the
aggregate ATC success criterion.
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Placement

The weighted experimental test battery did differentiate between
the FSS, Terminal (IFR, VFR) and ARTCC options. Average scores for
ATC specialists in FSS terminals and ARTCCs were different at statis-
tically significant levels of confidence. The average FSS score
was lowest and ARTCC highest. Table 6 provides the comparative
mean scores for the various ATC options and year groups.

TABLE 6. MEAN WEIGHTED TEST BATTERY SCORES
BY ATC OPTION

1969-70 & 1973-74 1976 NEW ATC HIRES
ATC ATC HIRES (ACADEMY TRAINEES)
Option N Mean SD N Mean SD

FSS 196 227.4 40.2 (TERM)-- ---....

VFR 170 244.6 35.1 -.... - 310 242.0 35.0

IFR 189 250.0 37. 3
A.RTCC 182 264.3 36.6 263 247.9 38.4

Analysis of variance shows that the means of scores differ significantly
at the 1 percent level of confidence between FSS, Terminal (VFR and IFR)
and ARTCC for the 1969-70 and 1973-74 groups. The 1 'j! .'A greu

difference between terminal and ARICC is significant at the 5 percent lcv,

Test Fairmess

Women as a group scored lower on each of the predictors and on the
aggregate criterion of ATC success. In each case, these differences
were significant at the 1 percent level of confidence (Table 7).

TALL 7 - MELAN S, S-1AND-ARD DEVI Al 1ONS -A.' ,t-[tL
RESU LTS FOR 1KED I EC11,S A.N'D THEI , ACC IL

--- -------- Predictors --------- --- -- Criterion---

Weighted Aggregate ATC

Test Battery PEQ OICT "Success"

Sex N Mean SD N Mean SD N Mean SD N Mean SD

MeR 1397 244.5 380 2736 3.7 2.9 1318 76.6 12.3 1254 3.1 1.4

Women 171 234.5 480 235 .8 1.6 158 64.6 16.3 158 2.6 1.4

(t-14 iK. 01) (t-15.02;. 01) (t-1. 21;p.01) (t-4.56; p<01)
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Validities of the predictors against the aggregate ATC success
criterion are provided in Table 8. Except for prior experience,
these validities are significant at the 1 percent or 5 percent levels.

TABLE 8 -,VALIDITIES OF THE WEIGHTED TEST
BATTERY, PEQ AND OKT AGAINST THE

AGGREGATE ATC "SUCCESS" CRITERION BY SEX
(*'p(.05; **'p(.01)

Weighted Prior Experi- ATC Occupational
Test Battery ence (PEQ) Knowledge (OKT)

Sex N r N r N r
Men 1386 .23'* 2721 .21** 1308 .22""
Women 165 .19"*  229 -.04 154 .14"

It should be noted that few of the 229 women in the prior experience
sample had aviation-related experience. Consequently, the validity
results are due to lack of variance.

Comparable statistical analyses were made between minority and non-
minority groups and between non-minority and blacks as defined by
OMB Circular A-46. The results with respect to the test battery,
prior experience and the ATC Occupational Knoledge Test are
provided in Tables 9, 10 and 11 respectively.
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" I' L.El 9 - I l: I SAN 'I.f1

PRED I CTO C I I! I),*
Ntj '1t d t t ' it I

B at tu~ C. I IC C'.

N Mt'nn SO N >Ivain 5V

Non-inorities 1323 247.7 371 1308 . 1.4
All Minorities 245 220.4 4793 24 1

- (t=10.30:p_ .01 ) ft .(f :p .011

Non-Minorities 1323 247.7 171 I i0f8 I .
Blacks 145 207., 407 144 . 1.

(t=12.30:p .01) ft ,. I1 :p .01)

TABLE 10 - PRIOR EXPIIN]ll>,. 5Pl1

PRED I CTOR CR Ti- l I ()

prior Aviat ion A\'C'rovte Ai"

Experience (PE) "S c ros"
N Mean SD N Ican SI')

Non-Minorities 2115 3.9 2.9 2097 3.2 1.4
All Minorities 321 2.4 3.0 318 2.6 1.4

4 (t=8. 48 :_pO) 0 (t=7. 15: p .01
Non-Minorities 2115 3.9 2.9 2097 3. 2 1 .4
Blacks 194 1.7 2.8 193 2.4 1. 3

(t=10.27:p .01) (t=8.39:p .01)

TABLE 11 - ATC OCCUPATIONAL KNOI EDGEI SAMPLE

PREDICTOR CRl I 1 ON
A7C Occupational Np rrei' to AlC

lEnowledge Test
N Mean SD N "V S; I

Non-Minorities 1247 76.5 12.8 1 31 1 .) 1.4

All Minorities 229 69.1 14.7 --7 2.7 1.4
(t=7.85 :p-.01) U t 6 :p .01)

Non-Minorities 1247 76.5 12.8 12 1 .2 1.4

Blacks 134 66.9 15.2 I 5 2.5 1.1
(t=8.12:p .01) (t=8. 12:p .01)
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Minorities as a group, and blacks as an element of the minority
group, scored lower on each of the predictors and on the aggre-
gate ATC success criterion. In each case, these differences were
significant at ti e I percent level of confidence.

Validity of each of the predictors with the aggregate success
criterion for minorities and non-minorities are provided in
Table'12.

Table 12 Correlations for the weighted test battery PEI
scale and OKT against the aggregate criterion
Dy minoriry/non-minority status

Weighted
Test Batt, , PEQ OKT

Nuni-rvriry 1308 .203** 2097 .148* 1235 .201"*

MIUrity 243 .219** 318 .247** 227 .272*

When blacks were analyzed separately from all other minorities,
the validity of prior experience and the Occupational Knowledge
Test were sustained (r = .259 and .256, both at the 1 percent
level of confidence). Validity of the weighted test battery was
.120 which did not reach the 5 percent level of confidence
(p = .075). However, the difference in the validity for non-minori-

ties and blacks was not statistically significant.

Conclusions

The results of this study supported the conclusion that several of the
experimental predictors were sufficiently valid and fair in predicting
ATC success that they should be further developed for operational use
in the selection of applicants for the air traffic control occupations.

However, the lack of sufficient CSC test scores for the sample popu-
lation and the restriction in range on those scores which were availa-
ble made it impractical to compare the validity of the current CSC test
battery with the validity of the experimental tests. In order to address
these questions, the Civil Service Commission, now the Office of
Personnel Management (OPM), and FAA Jointly directed efforts to obtain
the necessary information from a group of about 11,500 applicants for
ATC work during the Fall of 1976 and Spring of 1977.
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STUDY OF ATC JOB APPLICANTS 1976-1977

Objectives. Historically, there has been little or no information availa-
ble on the characteristics of individuals who apply for positions in the
Air Traffic Control occupation. Consequently, this study was developed
to collect and analyze data on ATC applicants with respect to sex, edu-
cation, prior aviation-related experience and the relationship between
these variables and scores on the CSC test battery and experimental tests.
One direct use of this information was to establish a basis for comparing
the validities of the CSC test and the experimental tests by correcting
for the restriction in range on CSC test scores for approximately 2,000
newly hired ATC trainees who attended the FAA Academy during 1976-1977 and
for whom CSC test scores were available.

Sample Description. During the period November 1976 through January 1977,
the Civil Service Commission opened the competitive ATC examination
In the FAA Eastern and Southern regions. These included the areas en-
compassed by Regions II, III and IV of the Standard Federal Regions.
Approximately 11,500 applicants took the ATC Civil Service test during
this period. Of this group, about 7,500 also completed the experimental
tests and the Prior Experience Questionnaire. While the sample from the
11,500 population could not be controlled, differences between the means.
standard deviations and other statistics on the CSC tests for the 4,000
who did not complete the experimental tests or provide prior experience
information were not statistically significant from those who did.

Predictors. In addition to the five-part CSC test battery, two experi-
mental tests, MCAT 706A and the Directional Headings Test, were administered
to the applicant group. These test forms were the same versions as used
in the 1977 study conducted by Education and Public Affairs -it i
rcl erencu 14). lhu s, ric ritr .t l ( I ,i 1" . . i,

All tests were administered by CSC examiners as part of the normal com-
petitive testing procedures. Applicants were informed that the experi-
mental tests would have no bearing on their eligibility status and the
experimental predictors were administered after completion of the competi-
tive CSC test. The Directional Headings Test and the Prior Experience
Questionnaire had to be manually scored and converted to ADP records.
This was done by FAA under contract. Determinations on whether appli-
cants were men or women were coded on the Prior Experience Questionnaire
based on the applicants name. At this point, Federal regulations pro-
hibited obtaining any ethnic or minority group information from the
applicants.
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Criteria. Since this study encompassed ATC applicants, it was not feasible
to establish operational criterion measures of validity. However, a
variety of statistical analyses were made based on men and women appli-
cants and those who passed the CSC test in contrast to those who
failed.

Analytical Methodology. The data obtained on this ATC applicant group
were analyzed with respect to frequency distributions, means, standard
deviations, analysis of variance and intercorrelation of predictors.

Results. Table 13 shows the means and standard deviations for the total
applicant group, the pass group (those who scored above 209 on the CSC
test), and the fail group by men and women applicants.

TABLE 13

SELECTION TEST PERFORMANCES, APPLICANT GROUPS

CSC TESTS

TEST TO'AL GRUP PASS MCUP FAIL CGRJP

SEX M _ MEAN SD (W) WAN SD M___ PEAN SD

CSC-24
Total (7412) 39.66 9.6 (3960) 44.80 6.8 (3722) 34.61 9.3

Men (5720) 39.63 9.5 (2980) 44.51** 6.9 (2740) 34.32** 9.2

Women (1607) 39.83 9.7 (663) 45.91 6.6 (944) 35.56 9.3

CSC-51
Total (7412) 26.65 6.9 (3960) 30.74 3.8 (3722) 22.60 6.4

Men (5720) 27.40 6.4 (2980) 31.05 3.6 (2740) 23.43 6.4

Women (1607) 23.98** 7.0 (663) 29.37** 4.4 (944) 20.20** 6.0

CSC-135*
Total (7412) 21.49 8.6 (3960) 27.00 5.1 (3722) 16.03 7.8

Men (5720) 21.88 8.4 (2980) 26.97 5.1 (2740) 16.35 7.8

Women (1607) 20.13** 9.0 (663) 27.11 5.0 (944) 15 .23"* 7.9

CSC-157"
Total (7412) 29.29 10.3 (3960) 36.65 t'.O (3722) 21.99 8.3

Men (5720) 29.47 10.2 (2980) 36.40** 6.0 (2740) 21.93 8.2

Women (1607) 28.62** 10.9 (663) 37.75 5.8 (944) 22.21 8.0

CSC-540
Total (7412) 28.98 13.1 (3960) 37.70 10.1 (3722) 20.34 9.6

Men (5720) 29.78 12.8 (2980) 37.84 9.9 (2740) 21.03 9.5

Women (1607) 26.11"* 13.7 (663) 37.00 10.8 (944) 18.46"* 9.8

CSC TOTAL
Total (7412) 202.03 52.3 (3960) 244.26 23.2 (3722) 160.16 37.3

Men (5720) 205.04 50.9 (2980) 244.23 22.9 (2740) 162.42 36.8

Women (1607) 191.20C* 55.2 (663) 244.26 24.0 (944) 154.08C* 37.8

EXPERIMENTAL TESTS

MCAT (CSC-510)
Total (6822) 25.76 9.1 (3340) 31.65 7.2 (3481) 20.12 6.9

Men (5241) 26.57 9.0 (2688) 32.14 7.0 (2552) 20.72 7.0

Women (1498) 22.95** 8.7 (607) 29.53 7.2** (891) 18.46"* 6.5

DIR HEADING
Total (7073) 46.99 22.6 (3583) 59.93 17.3 (3489) 33.68 19.4

Men (5462) 48.87 21.9 (2899) 60.63 16.6 (2562) 35.56 19.5

Women (1526) 40.17** 23.3 (637) 56.58 19.4C* (889) 28.4** 18.2

*CSC 135 (following oral directions) and CSC 157 (Abstract Reasoning) tests are doubled

weighted in computing the CSC test total score

**Significant at the 1 percent level of confidence.
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From Table 13 it is evident that in total, women score somewhat below
men on most of the CSC tests and on the two experimental tests. These
differences, while statistically significant, are not statistically
important due to the large sample size. For example, further analysis
shows that sex accounts for only 1 percent of the variance in the CSC
total test score; 3 percent in the MCAT; and 2 percent in the Directional
Headings total test scor s. In other words, most of the variance in these
three predictors is due to factors other than sex.

In terms of the "pass" group, the mean CSC test score for men and women
is essentially the same. Consequently, discounting veterans preference
and additional credit allowed for aviation-related experience, women who
pass the CSC test should have about the same opportunity to be selected
for the ATC occupation as men.

Frequency distribution for each of the five CSC tests and the two experi-
mental tests were also examined. Two of the CSC tests, CSC 135 and CSC 51,
show a marked negative skew (-1.30 and -1.80) respectively) and conse-
quently, provide little differentiation between the applicants.

FIGURE 2
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Frequency distribution graphs of all of the CSC and experimental tests are

provided in reference 20.

Table 14 provides descriptive information on education and experience levels
for men and women in the applicant group. Aviation-related experience data
was obtained from the Prior Experience Questionnaire (PEQ). This identified
the specific work or skill elements which, based on the present CSC Rating,
allows granting extra credit points to those applicants who pass the CSC test.

TABLE 14

Descriptive Statistics-Applicant Group

EDUCATION LEVEL TOTAL APPLICANTS

Men with

High school or less 1225 (21%)

Less than 3 years college 2352 (41%)

3 or more years college 2226 _7.)

Total 5703 (100%)

Women with:

High school orless 355 (22%)

Less than 3 years college 618 (39%)

3 or more years college 630 (39%)

Total 1603 (100%)

EXPERIENCE LEVEL

Men with

No aviation-related experience 4393 (77%)

Aviation-related experience 1327 (23%)

Total 5720 (100%)

Women with:

No aviation-related experience 1483 (92%)

Aviation-related experience 124 ( 82)

Total 1607 (100%)

EDUCATION AND EXPERIENCE

With aviation-related experience MEN WOMN_

High school or less 21% 23%

Less than 3 years college 44% 39%

3 or more years college 35% 382

No aviation-related experience

High school or less 22% 22%

Less than 3 years college 40% 39%

3 or ore years college 38% 39%

About 22 percent of the total applicants were women. However, as Table 14

shows, the distribution of education level for men and women is approximately
the same. It also shows that approximately 78 percent of both the men and

women have some education beyond high school.
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With respect to aviation-related experience, 23 percent of the men as com-
pared to only 8 percent of the women, identified experience which could
result in granting extra credit points for selection eligibility. When
education and experience are combined, the distribution of education
level remains relatively consistent for both men and women and for those
with or without aviation-related experience.

From this information it is evident that the level of education for men
and women is essentially the same and does not serve to differentiate
between the applicants based on their sex. The distribution of aviation-
related experience between men and women does differentiate between the
applicants with 23 percent of the men potentially being eligible for
extra credit in contrast to only 8 percent of the women.

Next, the ATC applicant sample was analyzed in terms of passing or failing
the CSC test in relation to sex, education and experience. Table 15
summarized the results of this analysis.

TABLE 15

ATC Applicant Sample

TOTAL CSC TEST STATUS
APPLICANTS PASS FAIL

Men 5720 (78%) 52% 48%

Women 1607 (22;) 41 % 59
Total 7327 (100%) (50%)* (50%)*

EDUCATION LEVEL

High School or less 1581 (22%) 32% 68"

Less than 3 years college 2973 (40% 49% 51%

3 or more years college 2757 (38%) 61% 39%

Total 7311 (100%) (50%)* (50%)*

EXPERIENCE LEVEL

No aviation-related experience 5876 (80%) 45% 55%
Aviation-related experience 1451 (20%) 68% 327

Total 7327 (100%) (50%)* (50%)*

EDUCATION & EXPERIENCE

Aviation-related experience

High school or less 308 (21%) 52% 48%

Less than 3 years college 632 (442) 67% 33%

3 or more years college 508 (352) 79% 21%
Total 1448 (1002) (68%)* (32%)*

No Aviation experience with:

High school or less 1273 (222) 27% 73%
Less thas 3 years college 2341 (402) 44% 56%

3 or more years college 2222 (38%) 572 432
Total 5836 (100%) (45%)* (55%)*

Pass/FPail rates for the Total Croup
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In total, about 50 percent of the applicants passed the CSC test. However,
proportionally more men (52 percent) passed than women (41 percent).

When specific education levels are examined, it is evident that
those applicants with the most education have a significantly better
chance of passing the test. Applicants with 3 or more sears of college
passed at about twice the rate of those who did not go beyond high school.
The same relationship holds also for experience. Applicants with aviation-
related experience also pass the CSC test at about twice the rate of those
without experience.

When pass or fail rates are examined with education and experience combined,
it is evident that: (1) level of education is essentially proportionally
distributed between the experienced and non-experienced groups (Table 14);
and (2) experience increased the pass rate in each of the education groups.
Applicants with no college or experience pass at a 27 percent rate. Those
with°3 or more years of college and aviation-related experience pass at a
79 percent rate.

I'ABIEL 16

I.XP.ERIENCE AND LE1:VEL OF EDUCAT'ION

CSC TEST PASS RATE
NO WITH

EDUCATION LEVEL EXPERIENCE EXPERIENCE % INCREASE

High School or less 27% 52% +25%

Less than 3 years college 44% 67% +23%
3 or more years college 57% 79% +22%

Two-way analyses of variance were carried out for each CSC and experimental

test. For this purpose the "experience group"was further classified into
subgroups since the CSC Rating Guide provides different levels of extra
credit based on specific types of experience. The "key" to the experience
and education subgroups are as follows:

Aviation-Related Experience

0-1 No aviation-related experience
2-2 Comunication experience only
3-3 Non pi'ot with IFR or Air Defense Command (ADC) experience
4-4 Non pilot with VFR ATC experience
5-5 Pilot with IFR or ADC experience
6-6 Pilot experience only
7-7 Pilot with VFR ATC experience
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Education

0-1 High school or less
2-2 Less than 3 years of college

3-3 3 or more years of college

Table 17 provides the results of the analysis variance for the CSC total

test score. The lowest mean score (173.10) is for the "No Experience and

No College " Group; the highest mean score (241.00) is for the "Pilot with

VFR Experience and 3 or more years of College" Group. The analysis of

variance shows that experience (row) and education (column)each is statis-

tically significant (p_ .01) though there is no interaction between experi-

ence and education.

Further analysis, however, shows they are not statistically important for

the total group since only 1 percent of the variance in CSC total score was

accounted for by either variable.

TABLE 17

ATC TESTS VS. EDUCATION AND EXPERIENCE GROUPS

TOTAL CSC TEST SCORE (CSS TOTAL WT.)

N MATRIX OF CASES WITH NON-MISSION DATA ON ALL 3 VARIABLES

ED GROUP GOES DOWN EXP. GROUP GOES ACROSS

TOTAI

- 2-2 3-3 4-4 5-5 6-6 7-7 N

0-1 - 1239 34 140 28 19 67 54 1581

2-2 - 2266 75 216 47 56 180 133 2C7 "

3-3 - 2179 70 6- 25 31 230 160 275
-

SUY 5684 179 418 100 106 477 347 7371

5F7 V ARI ABL CSC TOTAL W r

ED GROUP CGES DO',N EXP. GROtT GOES ACROSS

0- 2-2 3-3 4-4 5-5 6-6 7-7 MELA7

0-] - 173.10 179.53 210.89 201.96 198.68 191.07 21i.5 17'.4F

2-2 - 197.40 204.79 218.55 233.23 220.61 221.52 225.1c 2(7.6
3-3 - 209.11 221.59 224.98 222.72 246.10 236.17 241.07 21, .-3

MEAN 196.59 206.56 216.94 221.85 224.13 224.31 230.36 2C2.lt

LMK RY OF AN Aly S I S OF VARIANCEI

Source

Row 248889.27 2 124444.63 51.25 0.000

Col 152242.89 6 25373.82 10.45 0.000

R.BY.C 44320.17 12 3693.35 1.52 0.109

WITHIN CELL 17701966.50 7290 2428.25

However, when the CSC total score was categorized by "pass" or "fail"
groups, education and experience together accounted for nearly 10 percent
of the variance in pass/fail status; so taken together, the effects of
education and experience are important. This same relationship applies
to the two experimental tests as well.
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These data show: (1) that app icants with- avuation-related exor:-no have, a hicher
vrobability of passinm7 t.he CqC test (68 percent as ccxr ared tc 45 peront fcr those.
without eN 'riencx ); and, (2) that few woern have. aviation-related ex riencx. These
two findinqs taken together, however, are not sufficient to exqlain the lower pass
rate for wor',n (41 Lxrcent) as comared to men (52 percent). App]yinc those. rrobabilities
to the experience and no experience croq-s, it would be expected that 752 wc9run would
hav passed; only 663 did pass. For Trn, 2,879 run would be eqx'qcted to pass; 2,980
actually did pass. Conse<,uently, sirlly oontrollinc for the fact that ren have mrore
aviation-related experience does not exqlain why vx)ren score lower on rust of th.
tests.

Intercorrelation o: ear&. of th tests, educat~or anc, eic rience ar. rc'ide( :r .ati 1K

TABLE 18

ATC TEST CORRELATIONS -- T iAl SAMSPLE

POSITION LABEL 1 2 3 4 5 8 7 8 9 10 11 12 13 11 15 1 17 18
T TS UI T I C C: TS

24.S 51.S 40.S 57.5 35.S SC.I TC-A T5 TS 1O.T DH.T ED,L E! ED.. Xi.C LI-ACORE CORE CORE CORE CORE OTAL L. WI 10.C 10.A OTAL DHi.A DH.8 GTAL EVEL AGO ROC? RC'UI CIX
T24 SCORE 33 56 80 51 75 69 4. 52 53 '6 47 49 27 b 26 10 11T51 SCORE' 3] 48 59 5 69 75 42 60 57 5. 54 57 11 18 12 23
T540 SCtQ 58 85 8(0 5o 61 6 55 56 59 1 b 23 It 5

1157 47O 54 5 5 8 6 5 7j7 R - " "

D T 7 O8 6 3 t, 5 3 5 6 5 7, 2 0 1 3 22 1 4 11
CS35 GCxR L 5: 9 58 63 7 1 15 57 66 65 54 58 59 20 15 21 1 7
CSC T tA l b 85 8 81 1r9t 62 -17 f h 66 68 71 24 16 25 19 1CSC IcIA 8o.69 7 89 7q 99 61 7' 7 6#, 68 71 2.. 17 2'. 20

(T510 Istecorl t ofMA1attue5cr,

T516 A- 5 e.9 52 6h 6ore o 4 89 5- 55 57 14 17 1. 16bC 63 63 b6 77 77 69 V 9., 65 67 69 18 22 18 2 12T510 TOPL 53 7 65 62 66 77 76 89 9. reCt 
55 67 70 18 222 18 2. 1e C()p.A 4b 54 55 83 54 66 60 5eo 65 66 82 95 20 2b 20 33t s.08.8 1.7 54. 56 56 58 68 68 55 67 67 82 0 95 20 22 2(, 2 1DHTO7,AL 49 57 59 57 59 71 71 57 69 70 95 95 0 21 26 211 31 2

El.L'11 7 11 16 22 20 2'. 2-. 14 18 18) 20 20 21 0 6 95 ~ 5
ED. er1.2 o 6 18 13 13 15 18 1" 122 2 6 22 266-EA ~ 2 12 1.; 221 21 25 2, 14 18 18fl 20 20 21 95 6 2EO.GRoc7P 10 23 14 17 16 19 20 18 25 24 31 27 31 5 87 4 10EXF. GRCI7P 11 29 5 14 7 14 is 5 12 10 98 21 15 2 3722 100 1EXF. GEX5 3 2

KEY',:

(6) CSC Total is the correlation of the unveighted CSC test scores
(7) CSC Total WI is the correlation of the weighted CSC test scores
(8) T510 C is the correlation of MCfAT "aircraft conflict" scores
(9) T510 A Is the correlation of MCAT "aptitude" scores
(14) Ed Level is the correlation of individual levels of education (01-13) See ref (14) c-i
(15) PEQ. AG is the correlation of aviation-related experience scales derived empirically. See ref(12) Chapter 4 for the iethodoloc!y for developing the scales
(16) Ed Group Is the correlation of the three education groups; (1) high school or less; (2) less

than 3 years of college; (3) 3 or more years of college.
(17) Exp Group is the correlation of the seven eviation-related experience groups
(18) Exp GP. XIis the correlstion of the group with aviation-related experience (exrludingthe no

experience applicants)

These orrelation values were used to correct for restrictions in range on test
scores of individuals hired as ATC trainees who attended the FAA Academy, durinc 1976,
1977 and 1978.

Several multiple regression analyses were carried out usinq MC test "pass" or "fail"
as a criterion for the applicant aroup. Table 19 shows the results for the present CSC
test battery, the order in which the individual tests entered the analysis and their
contribution to the R2 which masures the amount of variance accounted for by each test.

39



TABLE 19

ATC REGRESSION ANALYSIS TOTAL SAMPLE

FINAL SuLAuY OF REGRESSION ON DEPENDENT VARIAILZ CSL OI.Ap

MULTIPLE R 01058
JLT N SQuARED 0.6493

$TO. ERROR OF EST. 0.2962
CONSTANT 0.0037

ANALYSIS OF SLI OF MEAN F Pfts.

VARIANCE OF SOUARES SOUARE RATI0 LEyEL
REGRESSION S. 1203.100 240.620 1742.12 0.
RESIOUAL 7406. 643.044 0.060

5 um iULT ULT CHANGE VARIABLE 91 STAND SETA. FINAL f HEN SIMPLE PARTIAL

I VAR R R IN RSO ENTEREO RAW EROR STAND. F ENTERED €OI. COB. IN

I NOw SO. (S NOWS COEF, OF tOoFo .OI NYN FINAL

P IN DELETED) FICIENT s FJCIENT DLETE DELETED EP. STEP

I 2 0.711 0.505 O.1S0 T117.SCo0E 0.014 O.oS 0.3047 894,793 yq5g. 234 o.710 0. J1M

2 2 0.772 0 .97 0.092 7540. SCOE 0.006 0.0004 0.2130 69.410 168.131 O.661 0. "126

3 3 0.794 0.630 0.033 TS:;SCORE 0.0112 0.0007 0.2034 113.011 663.70 0.6062 0.21M6

4 4 0.602 0,044 0.014 113.SCORE 0.0063 0.O00. 0. 1416 07.233 203.017 0. 390 O.s1SO

S S o.ee 0.649 0.= Ta.SCOE 0.000S 0.00, 0.Oft? 11.31 11.31 0.621 0. -]0

Table 20 provides the results of the two experimental testl in predicting
the CSC pass or fail status. The difference between the R' for these tests

(45 percent) compared to the CSC tests (65 percent) indicate that they

differ in some degree from the CSC tests in what they measure.

In the case of the experimental tests, test 510 A (MCAT Aptitude) which
measures aptitudes similar to the present CSC test entered the regression

first and accounts for 40 percent of the total variance.

TABLE 20

LTC iGRESSION ANALYSIS TOTAL SAMPLE

P4mAL Su1ART OF REGRESSION ON DEPENDENT VARIABLE S.TO1.VF

WiLTIPLE it 0.047
NULT R SOUARED 0.4so
5T0. ERROR OF ES. 0,1724

CONSTANT 0.1199

RAILYSIS OF w r Me atN F P0oe.

VARIANCE oF S1U&RCS SQU&E[ RATIO LEVEL

REGRESSION S. 02.114 75.226 164.11TI 0.

LID"JUAL 1401. 10 7.92 0.139

SMwi MiUL MiULT CHANGE VARIABLE . STAND SCI1. FINAL I ImEN SIPLE PARTIAL

I VAN a a IN3 NC ItN RO law ERROR STAND. F .NTRED Cos. t06. I'

I O1 .No SNOWS Coa
t
. OF toil- To Os IT" FINAL

P I ELDI FICllT a FICIET MII ELETED• DIP. sTeP

1 1 .631 0.3 3 .3 1 T510.4 0.0336 0.0013 0.31 3 110.144 411SM S 0.1314 .9 1s
0 .2 0.63 0.423 0.240 NI.OTAL O.OOST 0.0003 0.11TO 444.,41 $26.09 0.t416 0.3*19

2 1 0.61 0.44 0.0 T9O.1 0.0141 0.001a 0.1110 03.164 3'M 0.M4I *1ttM
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STUDY OF NEW APPOINTEES TO THE ATC OCCUPATION, 1976-1978

Objective. This study was initiated by the FAA Civil Aeromedical Institute
(CAMITin JUly 1976 to evaluate the present CSC Test Battery and
experimental predictors in relation to the success of newly hired ATC
trainees in passing Initial Qualification training for the En Route
and Terminal ATC options at the FAA Academy. Upon entry on duty, new ATC
trainees are given a 2-week general orientation at their ATC facility (or
regional headquarters). They then enter Initial Qualification training at
the FAA Academy in Oklahoma City for the ATC option to which assigned. Dn
their first day at the Academy, they are given a series of experimental tests
and questionnaires. Their participation in the test program is voluntary.
The experience has been that most all of the students volunteered.
Extensive efforts were made to also obtain the individuals' test
scores on the five-part CSC battery and their total earned ratings which

include additional credit for veterans preference and aviation-related
experience as provided by the CSC Rating Guide. This informnation was
then correlated with their subsequent training status to evaluate the
CSC and experimental tests which were most predictive of training
success.

Sp le Description. During the period July 1976 through April 1978,
3,00d students entered Terminal and En route ATC training at the FAA
Academy. Selected characteristics of this total group are provided in
Table 21.

IAIIIE 21

SELECTION CIIARACI I K I I ( -I 0:.I. (:WIxi

PASS FAIL WITHDRAW

OTAL N N () N (%) N (W

2580 2034 (79%) 436 (17%) 10 (4%)

Wmen 428 272 (64%) 128 (30%) 28 (6%)

Total 3008 2306 (7%) 564 (19%) 138 (4%)

NO EXp. 834 579 (69%) 206 (24%) 58 (7%)

Aviation-Related Exp. 1936 1579 (82%) 296 (15%) 61 (3%)

Unknown 229 148 (65%) 62 (27%) 19 (8%)

Total, 3008 2306 - 564 - 138
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In order to evaluate the CSC and experimental predictors, it was necessary
to have complete information on the students. The 138 students who with-
drew did not have laboratory criterion scores and were eliminated from the
sample. Similarly, the students for whom prior experience information
was missing were also L -H~lid. An additional 824 students were excluded
because they did not have one or more test scores, either from the CSC
test battery taken prior to their employment with FAA or were students who
did not volunteer to take the experimental tests.

The final sample used for the analysis after these exclusions consisted of
1,827 students distributed as shown in Table 22.

i.\B]. 22

S-I 'ECI" 1: .C :I I]\K 1[ I I - \\L\ I 1 \I ,'1I

% OF
PASS FAIL ORIGINAL

TOTAL N N (%) N (%) POPULATION
Men 1587 1314 (83%) 273 (17%) 61.5%
Women 240 162 (68%) 78 (32%) 56.1%

Total 1827 1476 (81%) 351 (19%) 60.7%

No Exp. 558 409 (73%) 149 (27%) 66.2%
Aviation-Related Exp. 1269 1067 (84%) 202 (16%) 66.5%

1827 1476 351

The failure rate for this sample (19.2 percent) was essentially the same
as for the total population (19.7 percent) after withdrawals were excluded.

Predictors. The tests used in this study were:

- Civil Service Test Battery

(CSC 24; CSC 51; CSC 135; CSC 157; and, CSC 540)

- Directional Headings Test (DHT) Total Score

DHT Part A
DHT Part B

- Miltiplex Controller Aptitude Test (MCAT) Total Score

MCAT Aptitude (A)
MCAT Conflicts(C)

- Dial Reading (DL RD)

- ATC Occupational Knowledge Test (OKT)
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The Directioral Heading Test was the same version used in the 1977 study
conducted by EPA and which was administered to the 7,500 ATC appli-
cants in 1976-1977.

The MCAT consisted of several different versions (606 A; 606 B; 706 A;
706 B; 607; 707) which varied in the number and mix of questions
(aptitude/conflict) and in the length of time aiioweu "-,r the test.

The OKT was form I01B which was essentially the same form utilized by EPA
in their 1977 study. The Dial Beading Test was also the same test used by

EPA.

Table 23 provides the means and standard deviations for the sample of
1,827 ATC trainees at the FAA Academy on the various predictors and compares

them to results obtained for the 1976-1977 ATC applicants group as well as

with the ATC sample group included in the 1977 ATC Selection Study conducted

by EPA where comparable statistics were obtained.

LAJ LLL 23

CO>I'AK[\I 1VI[ DELSCR [PIIVL ESTA Its I I

1976-77 ATC APPLICANTS 1977 1976-78 ATC

CSC TOTAL CSC PASS EPA STUDY TRAINEES

(N-7412-6821) (N-3690-3340) (N=1323-1229) (N-1827)

TEST MEAN SD MEAN SD MEAN SD MEAN SD

CSC-24 39.66 9.6 44.80 6.8 NA 47.07 6.7

CSC-51 26.65 6.7 30.74 3.8 NA 31.90 3.3

CSC-540 28.98 13.1 37.70 10.1 NA 42.88 9.7

CSC-157 29.29 10.3 36.65 6.0 NA 38.17 6.4

CSC-135 21.50 8.6 27.00 5.1 NA 29.31 4.2

MCAT (A) 16.59 5.7 20.27 4.1 NC 23.14 4.5

MCAT (C) 9.17 4.2 11.38 3.9 NC 15.74 4.1

MCAT TOT 22.76 9.1 31.65 7.2 NC 38.87 7.6

DHT A 24.20 12.0 30.69 9.8 NA 32.68 9.0

DHT B 22.80 11.7 29.25 8.9 31.9 6.9 31.63 9.0

DHT TOT 47.00 22.6 59.93 17.3 NA 64.34 17.0

DL*RD NA NA 39.7 9.4 40.97 9.2

OKT NA NA 74.9 13.6 66.96 16.3
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(Table 23 Continued)

NA - Statistics not available since the tests were either not
administered to these groups or could not be obtained from
available records. In the case of DHT, for the 1977 H'A
Study only Part B was scored and used in the analysis.

NC - Statistics not comparable. In the 1977 EPA Studv, two i r:'s
of MCAT were administered to the test sample (70(. A, 606 A).
In the analysis all "aptitude" questions from both forms were
combined for a total aptitude score (mean = 42.8: ,ID-6.2) as
were all "conflict" questions (mean = 29.4; SD-5,6).

Criterion Measure. In this analysis, the ATC laboratory average score was
used as the criterion measure of ATC training success. Selection )I this
criterion was based on several considerations. First, prior studiLs
demonstrated that these scores were the most reliable predictors of 'subshe-
quent success as an Air Traffic Controller. Second, the laboratory t"ainin
phase consists of a series of operational air traffic, control problems in
which students must demonstrate their ability to apply the academic know-
ledge and skills acquired in training. Finally, this phase is conducte.d ,,n
a pass/fail basis. The laboratory score constitutes 65 percent of the,
students total score in the laboratory phase of training. Almost all ot
of the students who fail Initial Qualifications trainin,, do so in the
laboratory training phase. It should be pointed out that during the period
from July 1976 through April 1978 several changes were made in the labatov v\
training phase which affected the pass/fail ratio of students. In Julv 1117(
the weight given to the laboratory average was increased from 35 percent to (1)
percent. In September 1976 the number of graded lab problems was increzisek.i
from four to six; and in May 1977 "procedural errors" were incorporate'd in
the grading for failure to handle aircraft in a timely manner during, the
problem exercise. In order to accomodate these changes and th diffrencs
between the Enroute and Terminal laboratory procedures, the 1 boraltorv
averages were converted to standard scores and data from the two ATC opt ins
combined. The standardized laboratory average criterion is labeled "JA\.

The reliability of the laboratory average for Enroute trainil ng is . 8(1
(2,223 students) and for the Terminal option .81 (1,982 students).

A detailed discussion of the ATC Initial Qualification-s tr;ilifin prog ra
and follow-on training at the ATC facility level for hec 'Trminil ind
Enroute options are provided in references 23, 24, and 25.
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Analytical Methodology. The first step in the analysis was the calculation
of descriptive statistics. The remaining analyses presented several unique
problems.

Several different experimental forms of the MCAT were employed in the
testing at the FAA Academy and the order of administration varied for
each form. Consequently, it was necessary to standardize the scores for
these tests. Since MCAT 706 A was also administered to 6,821 ATC appli-
cants by OPM in 1976-1977, the scores on the various forms of MCAT
used by CAMI were standardized by linear conversions using the same metric
as MCAT 706 A. The order effect was handled by using the scores from MCAT
706 A given first. References 19 and 20 provide a more detailed dis-
cussion on the methodology used for these conversions.

The second problem involved in evaluating the CSC and experimental tests
was the restriction in range effect (21) since criterion (ZLAB) information
waE available only on those individuals who were hired. This results in a
spurious low correlation of CSC test scores with the criterion. In order
to adjust the restricted correlations so they would reflect the relationship
between the tests and the criterion for the applicant group, the correla-
tions were corrected for their restriction in range. Usual methods for
this correction in the three variables case assume that unrestricted infor-
mation is available only on the variable used for selection or the third
incidental variable but not both. With the information derived from the
1976-1977 ATC applicant population, unrestricted data were available on
both variables. A modified procedure was developed to make use of all of
the available information in correcting for range restriction. A full
discussion of the procedure and the derivation of equations is provided in
reference 22.

The unrestricted correlation matrix from the total 1976-1977 ATC applicant
group used for correicting for range restriction is provided in Table 24.
The means, standard deviations and sample sizes (N's) were provided in
Table 23 except for the Earned Rating.

TableU. Unrestricted Correlation Matrix From the CSC

1 2 3 4 5 9 10 11 12 13 14 19

T T T T I T T T EAR
VARIABLE 24. 51. 540. 157. 135. 510 510 SO. ON. NED.

SCORE SCORE SCORE SORE SCO .A .C TOTAL OH.A DH.B TOTAL RATE

I T24.Score 33 56 50 51 52 44 53 46 47 49 66
2 fsI.Score 33 46 59 54 60 42 57 54 54 57 75

3 T540.Score 56 46. 59 58 63 .1 65 55 56 59 78
4 T157.Score 50 59 59 63 63 49 62 53 56 57 85
5T135.Sore 51 54 58 63 652 65 54 58 59 77
9 TSIO.A 52 60 63 63 69 94 65 67 69 77

10 TS1O.C 14 42 56 49 52 69 89 54 55 57 60
11 T51O.TOTAL 53 57 65 62 65 94 89 66 67 70 76
12 0H.A 46 54 55 53 54 65 54 6 1 82 95 68
13 DH.B 47 54 56 56 58 67 55 67 82 95 69
14 OH.TOTAL 49 57 59 57 59 69 57 70 95 95 7
19 EA/NED RATE 66 75 78 85 77 77 60 76 68 69 72
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The Earned Rating for the applicant group was derived by taking the raw
weighted CSC total score, transmuting it to a metric scale of 0-100 and,
where appropriate, adding veterans preference (5 points) and additional
credit for experience (0, 5, 10, or 15 points based on the CSC Rating
Guide criteria) to the scores of applicants who passed the CSC Test
Battery. This Earned Rating is the basis on which OPM ranks and
places eligible candidates on a register from which selections are
made in accordance with OPM regulations.

Table 25 provides the restricted correlation matrix for the 1,827 ATC
trainees at the ATC Academy. The means and standard deviations for this
sample were previously provided in Table 23. It should be note that the stand-
ardized (Z) scores were used for the MCAT tests in deriving the Intercor-
relation (mean = 0; SD = + 1).

TABLE 25

RESTRICTED CORRELATION MATRIX USED IN REGRESSION ANALYSES

- - - Z SCORES - - -
CSC 24 CSC 540 CSC 157 DOTA DHT 3 DNT TOT MCAT A MCAT C MCAT TOT ZLAB I.'RD

CSC 24 1.000 0.333 0.140 0.245 0.255 0.271 0.214 0.146 0.204 0.097 0.343

CSC 540 0.333 1.000 0.145 0.1" 0.222 0.227 0.204 0.190 0.221 0.096 0.29

CSC 157 0.140 0.145 1.000 0.090 0.140 0.126 0.241 0.1664 0.229 0.071 0.281

D T A 0.245 0.1" 0.090 1.000 0.603 0.950 0.258 0.268 0.296 0.207 0.338

DUT B 0.255 0.222 0.140 0.603 1.000 0.949 0.264 0.266 0.306 0.223 0.341

DHT TOT 0.271 0.227 0.126 0.950 0.949 1.000 0.262 0.282 0.316 0.227 0.356

Z CAT A 0.214 0.204 0.241 0.258 0.28' 0.262 1.000 0.596 0.903 0.246 0.461
Z mCAT B 0.146 0.190 0.164 0.268 0.268 0.282 0.596 1.000 0.882 0.250 0.445

Z MCAT TOT 0.204 0.221 0.229 0.296 0.308 0.316 0.903 0.862 1.000 0.277 0.518

I LAB 0.097 0.096 0.071 0.207 0.223 0.227 0.246 0.250 0.277 1.000 0.272

DLRD 0.343 0.289 0.281 0.336 0.341 0.356 0.461 0.445 0.516 0.272 1.000

The correlations of particular interest are those between the tests and the
"ZLAB" criterion. These are zero order validity coefficients. The effects
of restriction are immediately apparent in the low correlations between the
CSC tests used in the actual selection and the ZLAB criterion. The two
highest zero order coefficients are MCAT TOTAL (.277) and DL'RD .272,
neither of which was restricted directly by selection of the trainees.
Two CSC tests, 51--Spatial Patterns and 135-Following Oral Directions
were omitted from the matrix. They were eliminated based on the negative
skew previously discussed. Extreme selection, such as in the case of ATC
trainees, results in a sharp reduction in the variance in the selected
groups as was shown in Tables 13 and 23 which compares the means and
standard deviations for the total ATC applicant group and the ATC appli-
cant Pass Group, and the ATC trainee groups.
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When orrecting for restriction in range, the difference between the applicant
group variance and the selected group variance is employed as a measure of the
amount of curtailment that occurs due to selection. It was not determined if the
skew resulted in a violation of the linearity assunption; however, the extre
disparity between the two variances for CSC 51 and CSC 135 resulted in a corrected
correlation that was much higher than the other corrected correlations. In this
analysis, if the correlations for CSC 51 and CSC 135 were used in the multiple
regression analysis, none of the other tests either independently or in combination
added anything significant to the i,, it ip 1, R beyond CSC 51 and CSC 135. These results
were considered spurious and CSC 51 and CSC 135 were excluded frao the following
multiple regression analyses.

Table 26 provides the estimated unrestricted correlations (as well as the actual
unrestricted correlation from the CSC sanple). The correlations of primary interest
are the correlations of the tests with the ZLAB criterion. After correcting for
range restriction, the MCAT at .531, Dial Reading at .466, and Directional Headina
at .461 have the highest zero order validity coefficients.

Table 26 Unrestricted and Corrected Correlations Used in Reqression Analyses

CC24 CSC 540 CSC 157" OHT I ONT 2 DHT TOT MCAT A MCAT C MCAT TT ZLA DLRD

C5qC 24 . .560 .500 .460 .470 .490 .520 .W0 .530 .342 .515

CqC 54n .560 . .590 .550 .560 .590 .630 .560 .650 .386 .501

CSC 157 .. 0 .590 .530 .560 .570 .630 .490 .620 .399 .502

DHT .460 .550 .530 .820 .950 .650 .540 .660 .432 .498

DHT 2 .470 .560 .560 .820 ..950 .670 .550 .670 .46 .510

DHT TOT .490 .590 .570 .950 .950 . .690 .570 .700 .461 .522

MCAT A .520 .630 .630 .650 .670 .690 . .690 .940 .503 .611

MCAT C .140 .560 .490 .540 .550 .570 .690 . .890 .475 .551

MCAT MT .530 .650 .620 .660 .670 .700 .940 .890 . .531 .635

ZLAB .342 .386 .399 .432 .446 .461 .503 .475 .531 Ib4K .466

DLRD .515 .501 .502 .498 .510 .522 .611 .551 .635 .466 TrO0w-

Results. The next step in the analyses was to erploy the unrestricted and corrected
correlations in a series of step-wise multiple regression procedures. Each model
was a refinement of the previous model, with test scores reqressed on ZLAB. The first
model excluded total scores for DBT and ICAT, since these are the st of their past
scores that were included. Results are presented in Table 27.

Table 27

ITIAL REGRESSION "MIEL

I - 0.5689 RSQ - 0.3236

V m

CSC 24 0.0071 0.0011
CSC 540 -0.0066 -0.0007
CSC 157 0.0555 0.0043
DrT A 0.0313 0.0057
M a 0.0912 0.0101
MCAT A 0.1452 0.0322
WCAT C 0.1668 0.0407
L 8) 0.1856 0.0201

1. ODWST. a -3.0582

-TIST I TOAL MEL VIM PAIT SCOURS
ISQ F= a 0.3236 iodel 1
3q mo , 0.0000 Model 0
DIrIENCE - 0.3236
Dow - 7. DID a 1800. 4 P-RATIO * 123.020 PC. 0.0001
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In succeeding models, CSC 540 was eliminated because of its lack of

contribution, and total scores were used for DHT and MCAT instead of part

scores. The resulting multiple "R" was .5672. Then Dial Reading was

eliminated because of its marginal value in the 1972 and 1977 FAA ATC

Specialist studies, and DHT was eliminated because, in its current format

(very brief and highly speeded) it is not suitable for operational use.

Results are presented in Table 28. The initial model yielded a multiple

"R" of .5689, the final model yielded a multiple "R" of .5407.

Table 28

FINIM REGRESSION MODEL

R - 0.5407 RSQ - 0.2924

V BETA B

CSC 24 0.0608 0.0090
CSC 157 0.0964 0.0074

MCAT T 0.4391 0.0570

REG. CONST. 03.2045

F-TEST 24, 157, MCAT TOTAL
RSQ FULL - 0.2924 Model 5

RSQ REDUCED - 0.0000 Model 0
DIFFERENCE ' 0.2924
DFN - 2. DFD - 1800. F-RATIO - 371.890 p' 0.0001

A factor analysis (principal axis analysis with varimax rotation) was

performed to explore the characteristics of the the test scores. The

results are provided in Table 29.

Table 29 Factor Analysis on Test Scores (Principal Axis Analysis - Varimax Rotation)

Variables Factor I Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

CSC 24 0.9731 -0.0550 -0.0261 -0.0181 0.2583 -0.0211

CSC 540 0.4396 0.3568 -0.1129 -0.5921 0.5849 -0.0564
CSC 157 0.3578 0.0785 -0.7302 0.0079 0,5883 -0.0350

DIT T 0.2638 -0.1068 0.0238 -0.0347 0.7255 0.0543

MCAT T 0.2715 -0.1042 -0.0066 -0.0305 0.7357 0.0522

ZLAB 0.2834 -0.1036 0.0143 -0.0415 0.7666 0.0563

DL'RD 0.3137 -0.0885 -0.0788 -0.0704 0.7740 0.0315

Z variance accounted for 22.7188 2.5335 7.9083 5.1392 42.9871 0.2097

Two rather clear structures underlying the data with the orthogonal

rotation appear. Factor 1 and Factor 5 account for 22.72 and 42.99 percent

of the variance respectively. Factor 5 contains the largest loadinq for

all tests and ZLAB with the exception of CSC 24. It is also notable that

the division seems to occur on both factors between the CSC tests (24,540,

157) and the experimental tests (MCAT, DHT, DR'RD) and ZLAB.
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The beta weiqhts derived from the Final Regression Model (Table 28)
were converted to raw score weights and then assigned unit weights. The
following equation constitutes the composite score:

Y, = 1(CSC 24) + 2(CSC 157) + 4(MCAT)

where Y. = the composite test score for the battery. Using the unit weights,
the multiple R derived was .5354 compared to .5407 with beta weights. The
R 2 value derived was .2867 with unit weights compared to .2924 using beta
weights.

A cross-validation study was performed to investigate the stability of
the results. The sample was randomly separated into two groups, and the
weights derived from the first sample were applied to the second sample to
observe shrinkage in the multiple R. Distribution statistics and intercor-
relations for the two groups are presented in Table 30.

TABLE 30 DISTRIBUTION BY RACE AND SEX AND
DESCRIPTIVE STATISTICS

SAMPLE 1 SAMPLE 2

Men Women Total
Men Women Total

BLACK 47 17 64

HISPANIC 14 3 17 BLACK 45 16 61

AM. INDIAN 0 1 1 HISPANIC 15 4 19

ORIENTAL 6 1 7 AM. INDIAN 0 0 0

ESKIMO 1 0 1 ORIENTAL 7 1 8
OTHER 730 94 824 ESKIMO 1 1 2

OTHER 723 101 824

TOTAL 798 116 914 TOTAL 791 123 914

MEAN S.D. MEAN S.D.

ZLAB 0.028 1.007 ZLAB -0.020 0.990

CSC 24 46.998 6.871 CSC 24 47.026 6.853
CSC 157 38.490 6.538 CSC 157 38.252 6.244
MCAT 35.608 7.451 MCAT 35.686 7.307

CORRELATIONS COELATIONS

ZLAB 1.000 0.328 0.402 .0.537 ZLAB 1.000 0.326 0.396 0.527
CSC 24 1.000 0.500 0.530 CSC 24 1.000 0.500 0.530
CSC 157 1.000 0.620 CSC 157 1.000 0.620
MCAT 1.000 MCAT 1.000
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The regression equation for the first sample is presented in Table 31.

Table 31

CROSS'VALIDATIO; CSC SELECTION STUDY

R - 0.5450 RSQ - 0.2970

VARIABLE BETA B

CSC 24 0.0354 0.0052

CSC 157 0.1023 0.0155

MCAT 0.4546 0.06i5

REG. CONST. 3.0113

F-TEST CROSSVAIIDATION
RSQ FULL = 0.267k Model 1
RSQ REDUCED - 0.0000 Model 0

DIFFERENCE * 0.2970
DFN - 2. DFD - 913. F-RATIO - 192.847 Pe-0.0001

Unit weights, derived from the beta values for Sample 1 were computed.
These unit weights (CSC 24 - 1; CSC 157 2; and, MCAT = 4) were then used
to compute the multiple Rs and R2s in Sample 1 and Sample 2 with the
following results:

TABLE 32 CALCULATED MULTIPLE R VALUES

Sample Multiple R _

1 .5381 .2895
2 .5292 .2801

Full discussion of the analysis and results on the CSC and experimental
tests for appointees to the ATC occupation in 1976-1978 is provide in
reference 20 . The rzsults from these analyses supported the conclusion
that CSC 24, CSC 157 and MCAT tests be used in combination as a selection
battery for screening applicant air traffic controllers. Some information
was provided that indicated a modified form of the Directional Headings
test suitable for operational use and a Dial Reading Test should be explored
in future studies.

In the analyses of tests in relation to ATC trainees hired during
1976-1978 discussed thus far, the ATC Occupational Knowledge Test (OKT) was
excluded from the various regression analyses. The OKT is a "job-knowledge
specific" test and is not intended for use as a "pass" or "fail" exam in
determining applicant eligibility for employment consideration. Rather its
use would be limited to measuring ATC related experience and knowledge as
a basis for granting extra point credit to those applicants who pass the
competitive test battery. Consequently, the ATC Occupational Knowledge
Test (OKT) was analyzed as a parallel effort.
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Objective. The analysis was conducted to determine the relationship of OK to:

the present method of granting extra credit based solely on
ATC related experience.

Pass/fail status during Initial ATC Qualification training.

An ATC selection test battery comprised of CSC tests 24, 157
and MCAT'and the combined estimated validity of the test battery
and OKT.

Sample Description. The sample for the analysis of OKT was the same group of
1827 ATC trainees (Table 22) that was used for regression analyses of the CSC
and experimental tests previously discussed.

Predictor. The OKT (form 101B) is a 100-item multiple choice test coverinc
air traffic control regulations, communication, flight service station work,
navigation aids, weather, and radar. The score is the total number of correct
responses. The mean and standard deviation for the 1827 ATC trainees was 66.96
and 16.3 respectively (Table 23). The KidILr-Richardson - 20 internal consis-
tancy estimate of reliability yielded a reliability cofficient of .95 for a
sample of ATC new hires.

Criterion. The same criterion measureATC laboratory average score (ZLAB),
that was used in the multiple regression study was used in analyses of OKT.

Analytical Methodology. The 1827 ATC trainees were grouped into various
ATC related experience categories based on their response to a biographical
questionnaire administered on the first day of training. Four types of
ATC related experience were identified.

1. Other experience (included air defense command, communications

operator and prior ATC training without ATC operational experience).

2. Pilot experience

3. VFR or non-radar ATC experience

4. IFR or radar control ATC experience

These four types of experience (together with "No ATC related experience")
were then used to classify each of the 1827 trainees into 16 experience sub-
groups which provided for combinations of experience as listed below.
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Subgroup Type of Experience (N) Group (N)

1 No ATC related experience 558 592
2 Other experience 34 J
3 Pilot 297 389
4 Pilot + Other 92
5 VFR only 99
6 VFR + Other 27 191
7 VFR + Pilot 28
8 VFR + Pilot + Other 37
9 IFR only 86

10 IFR + Other 29 144
11 IFR + Pilot 18
12 IFR + Pilot + Other 11
13 IFR + VFR 275
14 IFR + VFR + Other 95$ 511
15 IFR + VFR + Pilot57
16 IFR + VFR + Pilot + Other 84

Total 1827

Because of the small number of trainees in some of the subaroups, they
were combined into the following five major groups:

Group 1: No experience + Other experience only (592)
Group 2: Pilot or Pilot + Other experience (389)
Group 3: VFR + any additional experience except IFR (191)
Group 4: IFR + any additional experience except VFR (144)
Group 5: IFR + VFR + any additional experience (511)

The test scores for OKT were correlated with experience and later correlated
with the criterion ZLAB. Statistical analyses of each of the five experience
groups in relation to OKT score ranges and pass/fail status was also conducted.

Results. The correlation of OKT scores with experience was .61. OKT correlated
with the ZLAB criterion at .22 versus .11 for experience credit. This indicates
that while OKT is closely related to experience, it is more predictive of success
than the present method of giving credit based on experience in accordance with
the OPM Rating Guide

The results of the statistical analysis of eac of the five experience
groups, the x OKT scores and ATC training pass/fail status is provided in
Table 33.
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'Table 3 3

Failure Ratcs by OrT .,core 1 an~e5 and lNT 'eans by Experience Groups

Score Ot her Pilot VM IFH VH + IFH TOTAL
Total I Fall Total V tail Total I Fail Total t Fall Total S Fail Total I Fall

0-59 430 29.3% o 2u. 91 2 32.0% 11 27.3% 23 43.5% 556 29.7%

60-64 37 27.0% 47 23.41 11, 42 1% 9 33.3% 23 34. 81 135 29.6%

65-69 44 250% 5', 9. Ill . 2' .u% 13 23. 11 46 Z3.9% 179 20.1$

70-74 34J 20.6% 77 11.0, t 0.41 1 Z3 'o.7 O0 1, .4% 226 16 4%.

75-79 22 4.:.- 67 1" 4; 3' 1 5 1 34 11.81 t.7 14.5t, 217 12.6%

80 5 12.01 76 10 .5, . 13 " 59 ?. ; 2) 7. It 4 8.4%

TOTAL 592 26.91 359 15.2% 1H1 21.51 144 13.21 511 143 - 1827 19.2%

Means
on
OKT 51-49 69.94 72 25 76.28 75.0 66.96

std. dev. 14.8 10.9 114 9 .5 9.7 16.3

While the mean OKT score for the total 1827 ATC trainees is 66.96
(SD - 16.3), examination of Table 33 shows marked differences for the five
experience groups and, within each group by OKT score range as shown below.

Experience Group N Mean SD Percent of Failure

No + Other Experience 592 51.49 14.8 26.9%
VFR + Any other (except IFR) 191 72.25 11.4 21.5%
Pilot + Other Experience 389 69.94 10.9 15.2%
VFR & IFR + Any other 511 78.00 9.7 14.3%
IFR + Any other (except VFR) 144 76.28 9.5 13.2%

Of the total 1827 ATC trainees, 359 (19.6%) were in ATC related experience
groups which presently earn extra credit under the CSC Rating Guide for this
experience and who scored less than 70 on the OKT. The failure rate for the
359 was 26.2% as compared to 28.2% for the 511 trainees with no (or other)
ATC related experience who also scored less than 70 on OKT.

As can be seen from Table 33, as OKT score ranges get higher, the pro-
portion of failures generally continues to drop in each of the five experience
groups. Rather than using the present method for granting extra credit for
experience, the use of OKT scores would be significantly more predictive of
ATC training success.

Thus far, OXT data reported has compared the OKT test scores to the present
method of crediting ATC related experience and each of these in terms of their
prediction of ATC training pass/fail status. For OKT to be truely useful, it
must contribute to predicting ATC training success over and above what can be
achieved by a new selection test battery.
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As previously shown, a test battery comprised of CSC 24, CSC 157 and
MCAT had a multiple R of .54 which accounted for 29% of the variance on
ZLAB. If the correlations of OKT with ZLAB and the other test battery
scores are corrected for restriction in range using Thorndike's formula 7,
then the multiple regression coefficient including OKT can be estimated.
The new Multiple R, calculated including OKT as well as the three tests

previously included in the battery would be .60 and 36% of the ZLAB variance
would be accounted for. This increase is significant (F = 204.3 p 4.001),

indicating that the addition of extra points using OKT scores would signi-

ficantly improve prediction and that OKT should be used as a basis for
determining extra credit. The analysis of OKT summarized here is discussed
in more depth in reference 27
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DEVELOPMENT OF THE MULTIPLEX CONTROLLER APTITUDE TEST

EXPERIMENTAL TEST FORMS. Development of the Multiplex Controller Aptitude
Test was based, in part, on previous research efforts directed to developing
performance indices for air traffic controllers during 1970-1971 ().From
this research, the initial versions of the Controller Decision Evaluation
(CODE) film tests were developed and used in the 1972 study of Air Traffic
Control Specialists conducted by Education and Public Affairs (12).

The CODE test used a motion picture film to present simulated air traffic
in real time as they cross a controller's display scope, together with a
mileage scale, lines to represent airways and intersections, and a data table
to provide information on each aircraft's identity, route, speed and altitude.
The test was administered in a free response mode, with the task being to
predict violations of aircraft separation standards (conflicts) as early and
accurately as possible.

Experimental administration of three motion picture films were carried out.
Analysis revealed that most of what was measured in each 45 minute film could
be derived from only 7 or 8 of the pairs of conflicting aircraft. In addi-
tion, there was considerable idle time during testing which offered the oppor-
tunity to measure more than simply conflict performance. Consequently, test
development procedures were initiated to measure not only this skill but others
as well.

An initial modification was to develop a structured test, using a slide pro-
jector to place conflict-type questions on the screen. However, when items
were assembled into a film/slide version, half of the test time remained idle
and this provided the opportunity for test subjects to change their answers as
the test progressed and the correct answers became obvious. It was found that
by presenting a new item every 45 seconds the examinees were kept sufficiently
busy so that this situation could be controlled.

Ample information is available on the scope and table to ask a variety of
questions. Items were written that utilized the available detailed information
to measure such aptitudes as direction following, table reading, spatial visual-
ization, and arithmetic reasoning regarding separation distances and times.
Some items were very simple. Others were written in a multi-factor format to
increase their difficulty. For example, initial instructional questions on how
to read the table were very easy, but a complex problem such as estimating
travel time in minutes between two aircraft (horizontal separation) required
awareness of distances across the scope, reading the table to determine their
speed, and mathematical computation to determine their rate of closure.

Items were administered experimentally, the relation between item types and
total test homogeniety determined, and this ratio used to determine the number
of items per type to include in the test. A result, for example, was inclusion
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of twice as many time-distance separation items as compass heading items in
the test. Conflict item locations had been established by mean journeyman
response times when targets were at certain locations. Aptitude items were
placed in the remaining positions, 45 seconds apart, alternating from one
type to another and spiraling to increasing levels of difficulty as testing
progressed. About 40 percent of the items were conflicts, and the other 60
percent were aptitudes. As films 4, 6 and 7 each provided a different pattern
of air traffic, three different forms of the test, MCAT 4, 6 and 7 were
prepared.

Versions of the CODE test, the film/slide version of MCAT, and other selec-
tion measures were administered to students of the Navy Air Traffic School,
Memphis, and grades of these students obtained as they progressed through
training. Analyses included intercorrelations and rotated factor loadings
of the various tests with each other and with such school grades as laboratory
flight plans, control tower, and radar control problems, as these grades pro-
vide the greatest range in criterion scores for predicting FAA student scores.
The film/slide structured version had correlations with criteria that were
as high or higher than those of the free response CODE. These results en-
couraged further development of MCAT.

A next step in test development was to create a "slides only" version, in
essence taking pictures of the screen each time a new question appeared.
Pacing of the slide presentation was the same as in the film plus slide
version, so the amount of target movement, how far an aircraft moved from
question to question, was unchanged. Free response, film/slide and all-slide
versions were administered to students at the Air Force Controller School,
Keesler, and grades of the students obtained as they progressed through training.
The all-slide version generally qhowed higher correlations with the criteria
than either the free response or film/slide versions.

During these test administrations, it became evident that the use of motion
picture or slide projector equipment would not be feasible for operational
test administration. The effect of equipment failure, room size, lighting,
seating arrangement, and other factors could n~ot be controlled at the many
locations where the Office of Personnel Manageme~nt administers the test to
applicants.

A next step was to print the slide versions in paper-pencil format. Three
forms were prepared and administered to several populations including:
entering ATC students at the FAA Academy during all of 1976; ATC Specialists
participating in the 1977 study conducted by Education and Public Affairs,
Inc., under FAA contract; and, 7000 ATC applicants tested by the CSC in tha
fall of 1976 and spring of 1977.

Each form was then lengthened to 55 items and administered to all students
at the FAA Academy from 1977 until June 1978; students at various colleges
and universities; and, students at the Army Air Traffic Controller School,
Ft. Rucker. All three forms were administered to each of the Army students
and differences in mean performances among forms were found that could effect
form comparability. Also, student performances improved considerably on the
second form they were administered, indicating that learning was still taking
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place, but there was very little increase in performance on the third form.
Differences in learning rate among students was noted, and this atility was
recognized to be another potentially useful measure.

Development of various forms of MCAT has resulted in reliability ccorrelat;OnL
that vary with the restriction in range of the scores for the populations
tested. Correlations between early forms were .31 to .50 for ATC Academy
students who had greater restrictions in range of their scores; .60 to .- '

for USAF ATC students; and, .87 to .90 for non-controller FAA emplocyees wh,
more nearly approximate the pipulation for whom the test was designed. 1V311-
dity of the MCAT test with the different criteria used for prediction. or
"ATC success" have been identified in the various studies previously discussed.

A more detailed description of the development of experimental forms of the
MCAT test is found elsewhere (1c)).

The test is designed to measure the skills of the air traffi.c controller al-_
cant within an ATC simulated setting. What is accomplished, in effect, is to
teach persons a set of simplified ATC rules, and then test how well they can
apply those rules in specific situations. Test subjects spend eight minutes
studying the directions, and then start to answer the questions. Because the
air traffic controller activity is complicated and rather difficult to learn,
the test is designed so that initial items are very easy, and then progress in
an order of increasing difficulty. The time limits are deliberately established
to make the test a speeded test. While usual aptitude battery design practice
is to cluster items into homogeneous subgroups, in this test the content of the
items is alternated from one type to another and they spiral to increasing
levels of difficulty. This mode of presentation is found in only a few tests
such as the Stanford-Binet. A result shown statistically is that the non-
confliction items show unexpectedly high commonality with those items requiring
detection of impending conflicts. Apparently the detection of con~flicts
requires the same skills and operations measured by the different kinds of
aptitude items presented.

Figure 3 provides the basic format of the MCAT. About 40 percent of the total
55 questions ask for identification of potential conflicts, or violations of
separation standards. The remaining questions ask for such information as
differences in the routes of pairs of aircraft, how far apart two aircraft may
be at a given moment, their compass headings, and if they will come into conflict.

DEVELOPMENT OF PAR.ALLEL MCAT TEST FORMS. For operational purposes, multiple
forms of a test are necessary for retest purposes and control over compromise.
Based on previous item analysis and experimental test form development, each of
the three experimental test forms (407A, 607A and 707A) were split into two
parts by placing the odd items in one part and the even items into a second
part. These individual parts were then placed in various combinations to provide
six available forms. Each form was a 55 item test and separated into two parts.

57



FIGURE 3

THE MULTIPLEX CONTROLLER APTrU E TEST

Flight Information N
Aircraft Altitude Speed Route

10 5000 300 AIC
'S

20 5500 300 EIHB H

30 5000 450 DIJF 40

40 6000 450 BHJF 20

50 6000 300 GJHB E o

oA 82 C

MILEAGE I.I I

A typical example of the kind of information provided in the test problems
is given above. The drawing shows the particular flight paths that aircraft must
follow. Changes in routes can occur only at the intersection between two routes.
Each x depicted on the routes represents an aircraft traveling in a particular
direction indicated by the trailing dots.

To the side, a table containing critical flight information about each air-
craft is provided. The number next to each x on the drawing allows the matching
of the flight information to the correct aircraft. The flight information lists
the altitude, speed in miles per hour, and route that each aircraft is flying.
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Each part required a person to learn its unique mix and pattern of traffic and
make predictions as to traffic behavior and potential conflictions. Part 1
was administered allowing 20 minutes for completion; 15 minutes was allowed
for Part 2. The six forms were then administered to two sample populations;
new ATC hires entering the FAA Academy for training after June 20, 1973,
and to approximately 7800 applicants for ATC work who took the present ATC
test administered by OPM in October-November 1978. Table 14 provides the
descriptive statistics for each group for each form of the MCAT test.

1'l:Nk2({)N>}L\N{:1 S ON \I . \ }¢ I J.£ ),\1 IJ N{V I

FAA ACADEMY OPM ATC APPLICANTS
FORM NO. ID STUDENTS 1978 TESTED 1978

MCAT OPM Mean SD N Mean SD N

4o6e 120 33.8 7.45 459 29.3 9.15 1233
4e6o 130 37.4 7.35 458 29.3 9.70 2328
6o7e 140 40.4 7.45 434 33.1 10.40 1222
6e7o 150 37.6 6.80 319 31.5 8.20 1086
7o4e 160 33.8 7.65 135 29.6 8.70 1135
7e4o 170 39.8 7.25 356 32.2 10.34 882

The test is for use with OPM ATCS applicants, and those are the data of primary
interest. The FAA Academy students data are included for future test develop-
ment work, to estimate applicant scores on new forms of the test when experimen-
tal data are gathered on FAA Academy students. While all forms are quite com-
parable for the ATC applicant sample, item revisions will be made in forms
6o7e and 7e4o to increase their comparability.

Many different scoring methods have been explored during development of the test.
The test could be scored for Rights and Wrongs, with separate scores for Conflicts
and each of the Aptitudes, and with differential combining weights for all these
subscores. The test could be scored for the rate of improvement from its early
to later parts. Various multiple regression studies indicate that little is
gained from maintaining separate scores for Conflicts and Aptitudes as was done
in the 1977 study conducted by Education and Public Affairs, Inc. Consequently,
performance on all items have been combined into a single score in subsequent
analyses. The data also showed that little was gained through use of a combina-
tion of "Rights and Wrongs" instead of "Rights" only.

For a group of 617 ATC students at the FAA Academy tested between June and
December, 1978, a total "Rights" score test-retest correlation of .60
between comparable two part 35 minute forms of MCAT was obtained. A planned
doubling of the test length providing a total test time of 90 minutes should
increase the reliability coefficient to .75 for this restricted group and
provide an adequate level of reliability for the ATC applicant population.
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The following summarizes the development of the MCAT test.

*CODE - film versions 4, 6 and 7. Scoring: 1971, 40 items;
1974, Stanine: 1975, corrected item scores - best items. Un-
structured free response.

*Film Slide MCAT - July 1975. Time controlled for answering each
item. MCAT 406 FS - 41 items, 606 FS - 43 items, 706 FS - 53 items.
Structured multiple choice.

*All slide MCAT - October 1975. Time controlled for answering each
item. MCAT 406 AS - 41 items, 606 AS - 43 items, 706 AS - 53 items.
Structured multiple choice.

Paper Pencil MCAT - January 1976. MCAT 406A - 41 items, 606A -

43 items (25 minutes test time) 706A - 53 items (30 minutes test
time). Structured multiple choice.

*Paper Pencil MCAT - April 1976. Time controlled for answering each
five minute group of items. Form 606B - 43 items, 706B - 53 items.
Structured multiple choice.

Paper Pencil MCAT - January 1977. Time controlled for working total
test (35 minutes) . 407A, 607A, 707A each 55 items. Structured
multiple choice.

Paper Pencil MCAT - June 1976. Parallel test forms. Two part tests
with each part presenting a unique pattern of air traffic. Part I
20 minutes, Part 2 - 15 minutes. Forms: 4o6e; 4e6o; 6e7o; 6o7e;
7e4o; 7o4e; each test 55 items. Structured multiple choice.
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DEVELOPMENT OF THE AIR TRAFFIC CONTROLLER OCCUPATIONAL KNOWLEDGE TEST

The ATC Occupational Knowledge Test (OKT) is a subject element, paper-pencil,
machine scorable, multiple choice type test. It measures important aspects
of knowledge associated with prior experience that are related to successful
performance as an air traffic controller specialist. The subject matter
areas included are Air Traffic Control Regulations, Terminal Air Traffic
Control, Enroute Air Traffic Control, Communications, Flight Service Stations,
Navigational Aids, Weather, and Radar.

Experimental Test Development

The initial ATC Occupational Knowledge Test was designed to measure the
acceptability of an applicant's claimed experience for qualifying at the
GS-9 level or above. There was such a wide variety among applicant's claims
of experience that they were difficult to evaluate, and the OKT would provide
scores to verify the acceptability of claimed experience. The first step in
test development was a two-week workshop in June 1970, in which eighteen
journeyman air traffic control specialists from Terminals, Centers and
Flight Service Stations participated. The workshop was to teach these
people the specifications for the test and help them write items under the
training and supervision of representatives of FAA Headquarters. This
committee examined the exact types of qualifying experience that were given
credit, and determined the specifications for the test to permit its applica-
tion to verify claimed experience. Then over 300 items were written, and
reviewed and edited by the Examination and Certification Section of the ATC
Academy, Oklahoma City. Two test booklets were created, Form 15 containing
150 of the items, and Form 16 containing 160 items.

These forms were administered to two classes of students on the day they
reported for training at the ATC Academy, and to samples of GS-7 and GS-9
Air Traffic Control Specialists in Flight Service Stations, Terminals, and
Centers. The tests were found to correlate highly with past experience
patterns, had acceptable validity coefficients with training success for
Center, Terminal, and Flight Service Station training, and demonstrated
ability to differentiate Air Traffic Controller from Flight Service Station
job incumbents. The results of the experimental testing were analyzed at the
individual item level, and these data used for creating multiple forms of
the test.

Since planned initial application was a test for use as a partial basis for
determining applicants' qualification for Terminal and Center job entrar
above the GS-7 level, a first step was to eliminate items from considera "I
that had been found lacking by experts in the specialty area. The performance
of virtuoso air traffic controllers was compared to performance of entering
ATC Academy students on an item by item basis. Prime criteria for an
item's selection were (1) its ability to differentiate between the two groups
and (2) the item's difficulty level. The easiest 100 of the most discriminating
items were selected for inclusion in Form 101 - Experimental and the next
most difficult 100 items were assembled as Form 201.
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A more detailed discussion of the initial development of the Occupational
Knowledge Test is found elsewhere 30.). Subsequent to 1970, FAA discon-
tinued hiring ATC applicants at grades above GS-7 and work on developing
the ATC Occupational Knowledge (OKT) was deferred until 1975, when further
research was initiated to improve ATC selection.

In August, 1975, a battery of experimental selection tests, including Forms
101 and 201 of the ATC Occupational Knowledge Test, were administered to
109 students of the Navy Air Traffic School, Memphis. Student scores on
Form 101 were distributed against their week in training when tested, and
these showed increases in test performance levels as the students gained
experience. Grades of these students were obtained as they progressed
through training. Analyses included intercorrelations and rotated factor
loadings of the various tests with each other and with school grades such
as academic and laboratory grades and course average. Distribution statistics
plus correlations with scores on selected variables are presented in Table 35.

Mean scores on Form 201 are ten points lower than on Form 101, and the Form
201 total score correlations with other measures are similarly depressed.

TABLE 35

PERFO-NANCE RELATIONS BETW-EEN OKT A.ND SELECT ED VA IAt;I.I:5

Navy ATC Students OKT 101 OKT 201
August 1975

Mean SD Mean SD

TOTAL GROUP (N-109) 61.6 8.9 51.5 6.7

CORRELATION WITH: r r

Reading -.02 -.01
Education Level .27 .10
MCAT .42 .22
OKT 101 --- .16
OKT 201 .16 ---

School Grades

Academic Average .48 .25
Block II Composite .28 .16

Block III: Basic Lab .28 .06

Block III: Advanced Lab .27 .13

Course Average .43 .25

In the factor analysis, student performance on the ATC Occupational Knowledge
Test (OKT) showed little or no communality with their ability to read and
comprehend the material and very little relation with their mechanical-spatial
aptitudes. OKT-101 had high loadings on the Air Traffic Controller Perfor-
mance factor, the Control Tower Operator factor, and the Laboratory factor.
OKT-201 had a similar factor structure but with less loading on each of the
factors, perhaps as a function of restriction in variance, since it was a
rather difficult test for this population.
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A battery of experimental tests including ATC Occupational Knowledge Test

101 Experimental ,is also administered to forty-one students at the Air

Force Air Traffic Controller School, Keeslel AFB, during October 
1975.

Distribution statistics and correlations with selected school 
grades

are presented in Table 36. The performance of these students were quite

similar to those of the Navy Air Traffic Controller School sample.

TAB1-1 36

!EKEO0K1\NCE RELA' I ONS BETWEN OK AD SELECI E VARI ABLES
....... ...... . .. . .. . o I 0IO

SAItC SITUDENIS Standard

Octobe 197c Mean Deviation

Total Group (N=41) 63.66 16.34

School Gradeb, Final

School Correlations L

Block I Basic FAA Certification .42

Blcck II Basic Operations Specialist .15

Block III C.,itrol Tower Operator .32

Block IV Radar Controller (6CA/PAR) .68

Based on the results of administering Form 101 and 
201 of the Occupational

Knowledge Test to these groups, as well as to controllers 
at selected FAA

terminal and enroute facilities in December 1975, 
the best 100 items were

selected to create Form 101B of the OKT. This form was part of the experi-

mental test battery administered to FAA facility personnel 
and ATC Academy

students in the 1977 selection study conducted by Education 
and Public

Affairs, Inc (6). Distribution statistics and correlations 
of OKT-101B

with Supervisory Assessments obtained in the 
1977 study for field personnel

are given in Table 37. Correlation with supervisory assessments for field

ATC personnel were among the highest found for variables in the experimental

test battery.

TABLE 37
DISTRIBUTION STATISTICS AND CORRELATIONS

ATC OCCUPATIONA. KNOUTWGE TEST - 101iB

(Facility ATC Specialists - 100 items. 97 keyed)

ATC Option Correlation with
and Year Hired Supervisory Assessment N Mean SD

IFR 1969-70 .13 97 85.1 5.02

1973-74 .14 92 85.0 6.45

TOTAL .14 189 85.0 5.75

VFR 1969-70 .13 69 82.0 9.71

1973-74 .29 100 80.6 8.39

TOTAL .21 169 81.2 8.97

ARTCC 1969-70 .21 88 79.8 6.71

1973-74 .14 94 77.0 9.33

TOTAL .17 182 78.4 8.26

FSS 1969-70 .01 99 75.0 9.65

1973-74 .34 97 71.5 13.04

TOTAL .19 196 73.3 11.55

ALL OPTIONS 1969-70 .08 353 80.4 8.78

1973-74 .20 383 78.5 10.78

TOTAL .15 736 79.4 9.91
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Comparable data for a group of new ATC trainees entering the FAA Academy in
1976 are provided in Table 38.

TABIE 38
DISTROBUTON STATISTCS AND OD)RRELATICW
AaC OCUPATI"IOL KN.(3.% TEST - 101B

(Academy AT Trainees - 100 itEfs, 97 keyed)

Academy Classes 4-8 orrelation with
Z Lab Score N MEAN SD

Jan - June 1976
Total Teanma.l and
L-2uoute by Subgroups 803 67.3 16.42

Aviation experience .40 349 76.6 10.88
No aviation experience .27 452 60.2 16.23

Men .31 700 68.7 16.06
Women .11 103 57.5 15.62

Minority .36 86 67.5 16.51
Non-Minority .29 710 68.7 16.06

Tepi'dnal .31 372 70.9 15.44
Enroute .32 431 64.2 16,33

As would be expected, mean scores on OKT for this trainee group were lower
and the standard deviations higher than for the more experienced facility
ATC specialists hired in 1969-70 or 1973-74. Correlations with the non-
radar laboratory training scores (Z scores) for the Academy were highest
for those with prior aviation experience and for minorities. Correlations
for the terminal and enroute option were also among the highest found for
variables in the experimental test battery.

The ATC OKT 101B was also evaluated in relation to present methods for
granting extra credit for aviation related experience. The ATC Occupational
Knowledge Test 101B was administered to 784 ATC trainees who entered the
FAA Academy's 16-week ATC training program between July and December, 1976.
All trainees completed a pre-employment questionnaire. Based on responses
to the questionnaire, the trainees were assigned to one of three experience
groups in accordance with evaluations of claimed experience as made by the
Office of Personnel Management rating procedures. It was found that while
scores on the OKT were highly correlated with claimed experience (.64), OKT
had a higher correlation with successful completion of the non-radar lab
(.25) than did claimed experience (.12). It was determined that use of an
OKT score of 75 or above to assign extra credit would result in a failure
rate of 3.1 percent for those receiving credit, while use of the present
experience rating would result in a failure rate of 7.6 percent for
new hires who now receive extra credit for experience. The results held
up for a cross-validation sample of 432 trainees who entered the Academy
during 1977. The full results of this analysis of OKT is provided elsewhere

In order to obtain data on the ATC applicant groups within available test-
ing time, a 60 item form of OKT (101-C) was developed from form 1013.
This was administered to two groups of ATC applicants during September-
November 1978, together with parallel forms of MCAT after they had completed
the existing operational ATC test battery used by OPM. One group consisted
of 5331 scheduled applicants. The second group was 669 "walk in" applicants
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in testing sessions arranged to encourage women and minorities to apply for
ATC work. mean scores for the scheduled applicants on the 60-item 01K (101C)
was 24.9 with a standa-rd deviation of 11.80 and for the "walk in' group, 20.1
and 9.71 respectively. OKT Form 101C was also administered to groups of ATC
trainees at the ATO Academy during 1978. From these analyses it was con-
cluded that the ATC occupational Knowledge Test Form 101B has high reliability
(.91) and that the slight loss of reliability with reduction in test length
would not be of consequence.

Development of Parallel Test Forms

The purpose of the OKT is to define the domain of ATC Knowledge that is
demonstrated by applicants for the occupation as a t ris for granting extra
credit to those who successfully pass the basic ATC selection tests admnini-
stered by OPM. For operational usage, multiple forms are needed to meet
retest requirements and provide some capability for control over compromise.
An essential step in the development of alternate forms was to define the
types of items and number of items of each type to include in each succeeding
form, to structure the domain of knowledge to make it consistent with the
knowledge requirements of air traffic control. This was accomplished pri4-
marily by determining what types of knowledge were retained after training
and early apprenticeships experience and were known by nearly all full per-
formance level controllers. Table il identifies the steps involved in deter-
mining the final domain of ATC occupational knowledge included in OKT and
provide a basis for developing future comparable forms.

As the Federal Aviation Regulations state that, to become certified as a
Terminal ATCS, the person must pass a written knowledge test on (1) Flight
Rules in FAR Part 91 (Air Traffic Control Rules), (2) Terminal Traffic
Control Procedures, (3) EnRoute Traffic Control Procedures, (4) Commnunica-
tions Operating Procedures, (5) Flight Assistance Service, (6) Air Navigation
and Aids to Navigation, and (7) Aviation Weather, the FAA Basic Certification
Test was designed to test knowledge in each of those subject matter areas.
The original form of the certification test is listed first in Table 38, and
the table shows that an equal percentage of items (14 percent) were allocated
to each subject matter area. For development of the OKT, radar questions were
added to the item pool (line 2), and the best items selected (lines 3-6) to
measure candiates' possession of the knowledge required. The percentage
allocation per subject matter area is presented in line 7 for version
101B of the OKT. Each of the seven subject matter areas is further defined
by subject sub-elements which are identified in Table -. Table .-I shows
the classification of items in Form 101B by element and sub-element. Numbers
in the cells are item number. If the item number is underlined, that item
was found to be known by 90 percent or more of the 1975 sample of 50 full-
performance level Air Traffic Controllers.
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ATC OCCUPATIONAL KDOCLEC E TEST - SUBJECT MATfER ELiENTS
PERCENT OF ITEMS - EACH ELEMENT

Inflight Coqmu.x- Flight Air

Airport Traffic cations Assistance Navigation Numoer
ATC Traffic Control Operations Service & Aids tc Aviaticn of

Form of OK Test Rules Procedures Procedures Procedures Procedures Navigation Weather Items

1. Original FAA Basic 14% 14% 14% 14% 14% 14% 14% 140
Certification Test
All ItmA

2. Form 16 121 121 25 121 124 124 121 160
All Item

3. Form 101 - Exp. 20 12 28 12 2 19 6 99
All Items

4. Form 101 - Exp. 171 9 32 12 3.5 21 5 57
Itsae known by
90+% of Group of
Full Performance
Level (NSO, 19751

5. Form 101 - Ep. 19 9 28 13 2 25 4 53
Itwss known by 100%
of Group of Full
Performance Level
ATC (N-16, 1970)

6. Form 1010 21 12 28 12 2 19 6 l0
All Itms

7. New Operational 18 10 29 13 4 21 5 100
Forms (Recomended)
Sub-element: I 1 1 10 9 C 5

2 * 2 3 2 * 2
3 7 2 * 1 2 11 *

4 8 1 15 C

5 1 1 1 1 * 0 0
6 * 3 * 2 1
7 1 1
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CATE.GoR11' tFIFMYNT> ANi SAN -LE EN:
A!l "LCLFAT I N.-\A KNO!'F 1-)

1. All, TRAFFI( RULIl;

01. PertiIa lI t, AltC t
0. Pert ain I i t,' Ai-wvi

0 I t ta i. n iii to Alrspai--
0.. Per 8ini " t, Flying ConditionS (Rat ing.t., , ;tteT, Speed

Maneuvers, Alt itude . Flight Lev. 1)
05. Per t ainitg to, Opt, at ions I Inst ruct ion,,
Or,. Pert aining to Adirinistrative Messages (Reports. Phraseologv)
07. Per taininl to Saet Y yEmcrye nc\

2. AIRI'012 TRAFFIC PROCEDURE

01. Pertaining to Trat tic Intorvat ion
02. Pertaining to IratI i Pat t ern,

03. Per taining to' Runwa\ opet. ationt
0- . Pert ainitig t o Fl ight Movement (Dest Iat io' Change., Arrivals,

Depart ments s
e. rtainln to Adru nilt ttlye Messages (Phraseology, Authorizati ,
Oft icial R potts, lk, cUt'nite ts)

(O. Pertainin, to Meterlocical lntortration (Ceiling. Visibilitv)

07. PFetainin" to Salt tv (Messages. karning Devices, Collisions)

, INnI. lt7 TRAFFIC CONTROL PROCEDI'RS

01. Pertaitnlng to 5eparat ion (Vertical, Lateral, etc.)

02. Pertaining t, C Ictian, e (Rout ing )
03. Pert aining to Appioach (Fl ight Level. Holding. Alt . Set t ing)
0. Pert ain ing to Fadar (Contact. ldeutt, Inter ference, Traftfic Information)
05. Pertaining t, Flight Iniformat ion and Data

t,. COi'.I'N I C.AT IONS OPERATIN, PROCEDURF-S

01. Pertaining to Flight Movement and Control Messages
02. Pertaining to Adninistratlve Messages (Phrase,,log%)
03. Pertaining to Meterologv Infonat ion
04. Pertaining to Clearance

05. Pertaining to Safety

06. Pertaining to Service/Maintenance

5. FLI1HI ASSISTANCE SERVICE PROCEDURES

01. Pertaining to Search and Rescue

02. Pertaining to Overdue Aircraft

03. Pertaining to Emergency Comunications
04. Pertaining to Meterological Information
05. Pertaining to Facilities
06. Pertaining to Procedures

6. AIR NAVIGATION AND AIDS TO NAVIGATION

01. Pertaining to Frquencies
02. Pertaining to Instrumentation
03. Pertaining to Position/Distance/Direction
04. Pertaining to Navigation (Time, etc.)
05. Pertaining to Navigational Aids

7. AVIATION WEATHER

01. Pertaining to Visibility/Ceiling
02. Pertaining to Weather Conditions (Temperature, Winds, Tornado. etc.)
03. Pertaining to Clouds

04. Pertaining to Administrative Messages (Phraseology)
05. Pertaining to Forecasts/Reports
06. Pertaining to Responsibilities/Procedures
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The subject matter areas or elements and percentage allocations per area
as determined above were used to describe the types and nunber of items
per type to be included in new alternate forms of the test. Fourteen hundred
multiple choice items were drafted and reviewed, and items selected from this
pool to create eight 100-item parallel forms of the test. Twenty items were
common to all forms. These forms were administered experimentally, item
analysis accomplished, and the eighty best items in each form identified for
keying. These eighty item forms are identified as ATC Occupational Knowledge
Test 102A, 102B, 102C, 102E, 102F, 102G, and 102H. Use of a Rights Only
scoring procedure has been practiced and is recommended.

The forms have been administered to incoming students on the first day of
training at the ATC Academy since November 21, 1978. The mix of trainees
attending the Academy varied during this period with regard to levels and
types of aviation-related experience. In order to control these differences,
each group of students was given two forms of the Occupational Knowledge
test. Consequently, the comparison of results for alternate forms of OKT
can only be made for those tests taken by the same group of trainees.

The descriptive statistics obtained for each trainee group which took two
different forms of the test are provided in Table 42.

TABLE 42

ALTERNTE FO1vs OF OKT

(N=97)
Mean SD

Form A 41.95 14.05
Form C 42.55 11.95

(W-67) (N=22)
Mean SD Mean SD

Form A 38.91 14.61 49.59 13.35
Form B 36.25 12.15 44.73 10.84

(W-86)
Mean SD

Fbrm B 38.35 14.80
Form D 43.45 12.75

(N=384-386) (N=69-70) (N=22)
Mean SD Mean SD Mean SD

Fbrm E 46.49 13.80 45.51 13.98 48.18 11.66
Fbrm F 44.34 13.40 42.60 13.13 44.50 12.10

(W=407-408
Mean SD

Fbrm G 46.28 13.95
Form H 48.38 13.95
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The means and standard deviations for the two forms taken by each group can
be compared since the experience mix for that group was common across both
forms taken. However, the data cannot be compared for the same form taken by
different groups of trainees since the experience mix was not common.

The alternate forms do show some differences which require minor adjustments
by shifting items of a common type but ranging in difficulty level, from one form
to another.

Reliability estimates for the various forms have been derived and are presented
in Table -13. These reliabilities are considered satisfactory for operational
testing use and administration.

TABLE 43

RELIABILITY OF ATC OCCUPATIONAL KNOWLEDGE TEST

OKT 102 Taken
Testing Date Student Groups First vs. Second Correlation

3-6-'Q Enroute E,F,G,H EF,C,H .904
N-86 (80 item) (80 item)

7-3-79 Enroute, Terminal E,F,G,H E,F,C,H .893
FSS. N-89 (80 item) (80 item)

11-21-'Q Enroute, Terminal A,B,C,D A,B,C,D .877
N-183 (20 core (20 core

items) items)
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STUDY OF ATC JOB APPLICANTS - 1978

Objectives. The results of the analysis of the experimental tests for a
group of 1827 new ATC trainees at the FAA Academy during the period
1976-1978 supported the conclusion that a test battery comprised of
the Multiplex Controller Aptitude Test, Abstract Reasoning (CSC-157),
and Arithmetic Reasoning (CSC-24) would provide an operational selection
test battery for the ATC occupation with significantly better prediction
of success in ATC training.

This conclusion, together with the development of parallel test forms
of MCAT made it desirable to administer these tests to a new group of
ATC applicants in order to compare the results of the proposed test
battery with the existing CSC tests with respect to the composition of
the two groups who "passed" each test battery and the effect on score
distribution within each group. A change in policy also made it possible
to obtain race, sex and ethnic data which had not been possible with
the 1976-1977 applicant group.

Arrangements were made between FAA and the Office of Personnel Management
to administer the parallel forms of the MCAT and a 60-item version of
the ATC Occupational Knowledge Test when the present CSC tests were
administered during September-November 1978 to ATC job applicants.

Sample Description. The present CSC tests, together with MCAT and OKT
were administered to a total of 6,000 ATC job applicants. ,T 5,331 applicants
were scheduled for examination through established OPM procedures. In addition,
FAA had arranged with OPM for a series of "walk-in" test sessions which did
not require advanced scheduling by applicants with OPM. A total of
669 applicants took the test on a "walk-in" basis. These "walk-in"
sessions were established as a means of encouraging more women and
minorities to compete for positions in the ATC occupation. Table
provides the distribution by race, ethnic groups and sex for 5295 of
the 5331 "scheduled" ATC job applicants. Table 45 presents these data
for 664 of the 669 "walk-in" applicants.

'FAB)I1,, 4

Amer.
Indian Asian Black White Hisp. Other TOTAL

Men 42 (72%) 38 (76%) 650 (58%) 2860 (76%) 213 (79%) 21 (70%) 3824 (72%)
Womn 16 (28) 12 (24%) 463 (42%) 915 (24%) 56 (21%) 9 (30%) 1471 (28%)

TOTAL 58 (1%) 50 (1%) 1113 (21%) 3775 (71%) 269 (5%) 30 (1%) 5295 (100%)

Amer
Indian Aaian Black White Hiap. Other TOTAL

Men 2 3 145 (50%) 160 (55%) 44 (65%) - 354 (53%)
Women 1 4 146 (50%) 132 (45%) 24 (24%) 3 310 (47%)

TOTAL 3 7 291 (44%) 292 (44%) 68 (10%) 3 664(100%)
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There are several points of interest regarding the racial and sex

distribution of these two applicant groups. For the "Scheduled" applicant
group, (5295) 92 percent were black or white men and women, with 71 percent

of the group represented by white men and women. Generally men represented
between 70-79 percent of each racial group except for blacks; only 58 percent
were men while 42 percent were women; almost twice the ratio of other
groups.

For the "Walk-In" applicants the distribution indicates t the objective
of having more minorities and women compete for the ATC occupation was
fairly successful. Some 47 percent of the total group were women in

contrast to 28 percent for the scheduled applicants and 55 percent were
minorities in comparison to 29 percent of the scheduled applicants.

Predictors. Tests used in this study were the existing CSC selection
test battery and parallel forms of MCAT and OKT:

OPM Test Battery

CSC-24 Arithmetic Reasoning
CSC-51 Spatial Relations
CSC-135 Following Oral Direction
CSC-157 Abstract Reasoning
CSC-540 Air Traffic Problems

MCAT OPM ID ODD/EVEN TEST COMBINATION

Form 120 (4o6e)
Form 130 (4e6o)
Form 140 (6o7e)

Form 150 (6e7o)
Form 160 (7o4e)
Form 170 (7e4o)

OKT - 101c (60-item version)

As in previous experimental testing of applicant groups, the MCAT and
OKT test were administered after completion of the regular CSC test battery.

In addition to the tests, applicants completed forms provided by OPM

on a voluntary basis to obtain racial, sex, and other information for
separate analysis by OPM.

Criterion and Analytical Methods. Since this study encompassed ATC applicants,
it was not feasible to establish operational criterion measures of validity.
However, a number of statistical analyses were made based on pass/fail
eligibility comparison, score distributions and mean and standard deviations
on the various tests.
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Results. Descriptive statistics for the "scheduled" and "walk-in" groups
were developed for each test. It should be pointed out that of the 260
"Scheduled" applicants who identified themselves as "Hispanic", all but
74 also identified themselves with another racial group. For example,
139 were identified as "Hispanic-White". In this analysis, such cases
were included in the racial group. Consequently, 104 applicants in the
"other" category shown in Table 43 were comprised of 74 Hispanic applicants
and 30 of some other racial groups not identified. Descriptive statistics
for the "Scheduled" group of applicants are provided in Table 46 and
for the "Walk-In" group, in Table 47. (In Table 44, the 24 applicants
in the "other" category consist of 21 "Hispanic" and 3 otherwise not
identified.)

TABLE 46 SCHEDULED ATC APPLICANT-S

MURXCM
IDIZAN ASIAN( SLAM WHITE OTHER T0TA._
(N. 6) (97,) (N- 1146) (N- 3914) 6W- 104) (N- 5331)

Mean S.D. Mean S. D Mean S.D. Mean S.D. Men SD Keen S.D.

CSC-24 40.1 9.2 41.9 7.9 35.4 9.6 42.4 7.8 36.8 8.6 40.7 8.9
(Men) - (34.3) (9.7) (42.2) (7.9) - - - -
(Women) (37.0) (94) (43.2) (7.6) . - -

CS-51 28.6 4.8 28.3 5.8 23.1 6.5 29.1 5.2 27.0 6.5 27.7 6.1
(Men) - (24.3) (6.4) (29.6) (5.0) - - - -
(Women) - (21.3) (6.2) (27.7) (5.6) - - - -

CSC-135 21.6 9.0 19.9 8.2 16.6 8.1 24.7 7.0 20.1 8.5 22.7 8.1
(Men) - (16.7) (8.0) (24.8) (6.9) - - - -
(Women) - (16.5) (8.3) (24.2) (7.4) - - - -

CSC-157 28.0 8.2 31.0 10.9 22.1 9.3 30.9 8.9 26.1 9.0 28.8 9.
(Men) - - (21.5) (9.3) (30.5) (8.9) - - - -
(Women) - - - - (22.9) (9.1) (32.1) (8.8)

CSC-540 29.4 12.7 30.5 12.6 22.7 11.9 33.1 11.7 25.6 12.5 30.6 12.5
(Man) - - - - (23.4) (11.9) (33.6) (11.6) - - - -
(Women) - - - - (21.8) (11.9) (31.3) (11.9) - - - -

ICAT 31.1 8.6 31.0 8.6 22.1 7.4 34.2 8.1 28.0 6.4 31.4 9.5
(Men) (22.9) (7.8) (35.0) (8.0) - - - -
(Woman) - - (21.1) (6.8) (31.8) (8.2) - - -

24.3 10.8 24.9 11.3 17.4 8.7 27.2 11.7 21.8 11.8 24.9 11.8(men) - - (18.8) (9.9) (28.8) (12.0)
(Woolen)(15.5) (6.5) (22.0) (8.9)

TABLE 47 WALK-IN ATC APPLICANTS

AMMCAN
1IM ASIAN KLAM WM= OTHER TOMA
(X_ 5) XN 10) (10-297) (10- 328) (N- 24) 10- 669)

mean S.D. lMe S.D. Mean S.D. Mean S.D. Mean .D. Ma S.D.

CC-24 40.0 4.2 48.0 9.5 37.5 9.7 42.3 7.8 39.4 9.6 40.1 9.1

C€C-SI 29.0 4.0 31.8 4.2 23.0 6.2 28.6 5.0 28.8 4.2 26.1 6.3

COC-IiS 19.0 7.2 24.6 7.3 16.7 7.4 23.7 6.8 19.7 7.6 20.4 7.9

CSC-157 30.0 11.6 34.6 12.2 25.0 9.4 32.0 8.9 28.7 11.6 28.8 9.9

C1C-540 36.4 8.4 4S.2 12.1 23.6 12.7 32.4 12.5 30.4 13.4 28.7 13.5

MCCAT 28.4 3.9 34.9 7.4 22.7 7.S 32.6 7.8 27.9 9.7 28.0 9.1

01? 19.2 6.8 16.4 5.5 16.2 6.5 23.7 10.9 19.5 8.9 20.1 9.7
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For the "scheduled" applicant group, the mean scores for women were
examined for both the "Black" and "White" groups to assess their relation-
ships to the scores of men in the same racial group. Table 43 indicates
that women score somewhat higher on CSC tests 24 and 157 than men in
each racial group, but somewhat lower on CSC 51, 540, MCAT, and OKT,
with the greatest difference between men and women being on the OKT.
The most marked difference in test scores between racial groups is for
the "Black" and "White" groups, with the mean test scores for "Blacks"
generally about one standard deviation below the mean for "Whites". This
holds for both men and women in each of the groups.

Relatively few differences between mean scores of the "Scheduled" and
"Walk-In" groups are evident by racial groups. Within the "Black" group,
walk-in applicants scored about 2 points higher on CSC 24 and 3 points
higher on CSC-157. The "White" group walk-in applicants scored
almost 2 points lower on MCAT and about 3 points lower on OKT. These
lower scores may be a result of the higher percentage of women in the
"White" walk-in group (45 percent) compared to the scheduled group
(24 percent).

With the applicant group tested in 1976-1977, two of the CSC Tests (51
Spatial Relations and 135 Following Oral directions) showed marked negative
skew. It was of interest to determine if this characteristic was replicated
for these two tests with the 1978 applicant population. Figure 4 provides
a frequency distribution for test scores for these two CSC tests. It
is evident that again they provide little differentiation between the
applicants.

FIGURE 4
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Veterans preference for the total group (scheduled and walk-in) was identified
by sex and racial groups. Table 48 provides the distribution by sex
for 5846 of the 6000 applicants.

I'ABLE 48
SEX DISTRIBtloN-1976-1 -977 APICANI GROUP

VET
PREF MEN WOMEN TOTAL

None 2406 (59%) 1640 (94%) 4046 (69%)
5 Pt. 1571 (38%) 97) 1668 (29%)
10 + Pt. 123 ( 3%) (6%) 132 ( 2%)

TOTAL 4100 (100%) 1746 (100%) 5846 (100%)

Table 49 provides the distribution of Veterans Preference points by racial
and ethnic group.

TABLE 49
VETERANS PREFERENCE DISTRIBUTIONS

VET. AMERICAN
PREF. INDIAN ASIAN BLACK WHITE HISP. OTHER TOTAL

None 42 (70%) 40 (70%) 981 (73%) 2724 (68%) 223 (68%) 27 (84%) 4037 (69%)
5PTS. 17) 1) 38 1210) 99T 1666 (29%)1 PTS. i (30%) - 17 (30%) (27%) (32%) 7 (32%) (16%)10 + PTS. - 41 - 132 (2%)

TOTAL 60 57 1340 4017 329 32 5835

Since Veterans Preference points are added to the test battery score for
those who pass the test, it is evident that only 6 percent of the women could
benefit, and thus be ranked higher on the OPM register for appointment eligi-
bility. This in contrast to 41 percent of the men who could benefit from
military service.

Eligibility for Veterans Preference points by racial and ethnic groups is about
evenly distributed (30-32 percent) except for the "Black" group (27 percent)
where the higher ratio of women applicants to men reduces the number who receive
Veterans Preference points.
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Table 50 compares the total ATC applicant group to the civilian labor

force (CLF) by racial and ethnic group based on 1970 census data with

amendments through 1977.

TABIA 50

ATC APPIA CANTS-CIV IL IAN LABOR FORCE

Civilian
Labor % ATCForce Applicants

American Indian .3% 1%
Asian .8% 1%
Black 9.7% 24%
White 85.0% 68%

Hispanic 4.2% 6%

In terms of ATC applicants, blacks as a group are significantly over-
represented in comparison to their percentage of the civilian labor
force while whites as a group are underrepresented. As a group, women
were also underrepresented; they comprised 28 percent of the ATC applicant
group compared to 38 percent of the civilian labor force.

Analysis of current OPM Test and OKT

Next, the current OPM test battery scores were analyzed in terms of
"pass/fail" score distribution by ethnic or racial group and by men and
women. Because of the small number of Asian and American Indian applicants,
analysis of minority groups has been directed to Blacks and Hispanics.

Table 51 provides the results of those who took the current OPM ATC test
with respect to "pass/fail". The minimum passing score on the test

battery is 70 which equates to the approximate mean score on the test

where about half of the total applicants pass and half fail.

1",\PI1. 51

PASS/J'Al l-OP. M ATC TESF
Pass Fail

Total OPM Test OPM Test

Group Applicants N % N _

Men 4191 2236 (53%) 1955 (47%)
Women 1785 799 45) a 986 (55%)
Total 5976 35 (51%) 2941 (49%)
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Compared to the 7500 applicants tested in 1976-1977, this group had about

the same pass rate for men (53 percent compared to 52 percent) and a some-
what higher pass ratio for women (45 percent compared to 41 percent).

Table 52 shows the "pass/fail" rates by racial group.

TABi.1. 52

PASS/FAIL BY RACIAL GROUP

Total Pass Fail

Group Applicants N % N

White 4067 2556 (63%) 1511 (37%)
Hispanic 339 128 (38%) 211 (62%)
Black 1407 264 (19%) 1143 (81%)
Total 5813 2948 T51%) 2865 (49%T

In view of the disproportionate number of minorities who did not pass
the OPM test, an analysis of score distribution was made by racial
group (Table 53).

TABLE 53

OPM TEST SCORE DISTRIBUTION BY RACIU CROU[P

Fail OPM Test - Pass OPM Test

(N - 2865) (N - 294,8) AbOve
B.Iov

Group 50 50-59 60-69 1 70-79 80-89 89 Total

white 185 (4%) 406 (108) 920 (23%) 1 1128 (28%) 975 (24%) 453 (11%) 4067

H ipanic 63 (18%) 56 (178) 92 (27%) 70 (21%) 41 (12%) 17 (5) 339

Black 457 (32Z) 381 1277) 305 (22Z) 189 (13%) 63 ( 5%) 12 (1%) 1407

it is evident from this analysis that for the Black group in particular,
the higher fail rate is comprised of a large number of applicants who did
very poorly on the test battery. The 457 Blacks who scored below 50 on
the test comprised 40 percent of the total number who failed to pass the

test in contrast to about 30 percent for Hispanic andl2 percent for Whites.
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Figure 5 provides a graph of the OPM ATC test score distribution for

selected racial groups.

FIGURE 5
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Table 54 compares the distribution of ATC applicants, ATC applicants who
passed the OPM test and the Civilian Labor Force (CLF).

TABLE 54
CIVIL LABOR FORCE-ATC APPLICANTS-PASS GROUP

Civ. Labor % of % of Applicants
Force ATC Applicants in Pass Group

American Indian .3% 1% 1.0%
Asian .8% 1% 1.1%
Black 9.7% 24% 8.9%
White 85.0% 68% 84.8%
Hispanic 4.2% 6% 4.2%

100.0% 100.0% 100.0%
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Administration of the ATC Occupational Knowledge Test (OKT) provided the
first opportunity to evaluate the results for a sizable sample of ATC
applicants. The OKT usedwas version 101 C, a 60-item test. Consequently,
the results of this test were reviewed for the total group, men, women,
racial and ethnic groups and relationship of the results to those applicants
with veterans preference.

Tables 43 and 44 provided means and standard deviations on the OKT Test
results for the various groups. The 'walk in" group of applicants had a
lower mean sc6re than the "scheduled" group; 20.1 in comparison to 24.9 and
this difference was evident in all racial groups except for blacks where
the mean score was 17.4 (scheduled) and 16.2 (walk in). This would indicate
that there was relatively little difference in ATC related knowledge for
blacks of either group but that other applicants in the "Walk In" group had
less ATC related knowledge or experience that those in the "Scheduled"
group. In view of the objective of the "Walk In" recruitment program, these
differences would be expected.

Table 55 provides the descriptive statistics for men and women on OKT.

TABLE 55

DESCRIPTIVE STATISTICS, SEX S. OKT
Scheduled Walk In

Group (N) Mean SD (N) Mean SD

Men (3835) 26.9 12.2 (356) 22.2 11.2

Women (1473) 19.8 8.7 (312) 17.6 6.9

Table 56 provides the OKT score distribution for men and women and for racial
groups. In deriving this distribution, the raw scores were converted to a
scale of 0-100. In this analysis, the Hispanic group was distributed within

the racial groups shown.

TABLE 56

Distribution of OKT Scores

BelowN 15 15-24 25-34 35-44 45-54 55-64 65-74 75-79 79

Men (4191) 3% 11% 27% 20% 9% 10% 9% 8% 3%

Women (1785) 5% 20% 43% 19% 5% 4% 3% 1% *

White (4242) 2% 9% 27% 22% 10% 10% 9% 7% 3%

Asian

Asiaan n ( 140) 3% 14% 35% 18% 9% 9% 6% 5% 1%PIerican Ida % 1

Black (1443) % 32% 39% 13% 2% 2% 2% 2%

• Less than 1% 79



Approximately 20 percent of the men scored above 64 as compared to 4 percent
of the women; 19 percent of the white group; 12 percent of the Asian/
American Indian; and, 4 percent of the black group scored above 64 respectively.

Previous studies with ATC trainees at the Academy as well as developmental
and Journeymen ATC specialists provided a significant correlation between
scores on the OKT test and success in ATC training and work. These studies
also supported the conclusion that the OKT provided a better basis for
granting extra credit to ATC applicants who passed the OPM ATC Test than
the present rating guide used for this purpose. Consequently, for further
analysis, this applicant group's OKT scores were given the following "extra
points":

OKT Scores Extra Credit

65-69 3 points
70-74 5 points
75-79 10 points
80+ 15 points

These point values are similar to those presently provided by the OPM rating
guide for specific types of ATC related experience which now provides 5, 10
or 15 points depending on the specific experience.

In most cases, the types of ATC related experience for which an applicant
is presently granted extra credit is obtained through military service
and training. For example, Air Traffic Control experience which is granted
the most points (10-15) is obtained through military experience. This also
tends to be the case, although to a lesser extent, for pilot and other types
of credited experience.

In order to assess the relationship between military experience and OKT
scores, an analysis of those applicants with veterans preference, their
OKT scores, and the extent to which they could earn extra credit was
completed. The results are provided in Table 57 below.

1ABLE 57

Veterans Preference
No Yes

Score Credit N N Total

65-69 3 pts 103 (45%) 126 (55%) 229
70-74 5 pts 76 (33%) 153 (67%) 229
75-79 10 pts 61 (24%) 190 (76%) 251
80+ 15 pts 26 (10%) 233 (90%) 259

266 (28%) 702 (72%) 968
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Prior analysis of the relationship between OKT scores and "pass/fail" of
ATC training for 1827 students indicated that the largest drop in total
failure rate was between those trainees who scored between 60-64 '29.6
percent failure rate) and 65-69 (20.1 percent failure rate). Consequently,
for this analysis comparisons were based on providing 3 points for those
applicants who scored between 65 and 69. About 16 percent (968) of the
total 6000 applicants could have been eligible for additional point credit
based on OKT test scores. A total of 702 (72 percent) also could receive
points for veterans preference. The increasing number of applicants with
veterans preference who scored "highest" on the OKT indicate that most of
them would probably have had military air traffic control experience.

In contrast, those applicants who were not veterans constituted 28 percent
of the total group who could receive extra credit based nn OKT scores.
While applicants in this group score "lower" on OKT, use of this test to
grant extra credit would broaden the opportunity for non-veterans who
acquired ATC related knowledge through other experience to also qualify for
extra credit.

Under current OPM rating and ranking procedures, an applicant must make a
passing score of at least 70 on the present ATC test battery before
additional credit is given for veterans preference or aviation related
experience. Of the total 968 applicants who could be eligible for extra
credit based on OKT scores, 272 (28 percent) scored below 70 on the present
OPM ATC test battery. Table 58 shows the distribution by "point groups".

TABLE 58

ELIGIBILITY, VETERANS PREFERENCE, AVIATION RELATED EXPE1RIENCE

Total
Extra Failed OPM Eligible for
Points Total ATC Test Extra Credit

15 pts 259 58 (22%) 201 (78%)
10 pts 251 74 (29%) 177 (71%)
5 pts 229 62 (27%) 167 (73%)
3 pts 229 78 (34%) 151 (66%)

968 272 (28%) 696 (72%)

The 696 applicants who passed the OPM ATC test and would be eligible for
extra credit based on OKT scores, represented 23 percent of the 3083 appli-
cants who passed the test.

Next the data were examined in terms of the ATC test score distribution and
the effect of adding additional credit for veterans preference and aviation
related experience on the score distribution for those who passed. Figure 6
provides the distribution of raw OPM test scores for the total applicant
group.

81



FIGURE 6
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Figure 7 provides the score distribution for all ATC applicants who passed
the OPM test after adding extra credit for veterans preference and OKT test
scores.

FIGURE 7

It is evident that granti ng extra credit for veterans preference and OKT
significantly shifts the distribution to higher scores, with a total of
899 applicants scoring 90 or above (29 percent of those passing) compared

to 500 (16 percent of those passing) before adding extra credit.

82



Figure 8 shows the distribution of OPM scores after adding extra credit
for veterans preference and OKT test scores for men and women.

FIGURE 8
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While a significant shift to higher scores is apparent for men, there is
relatively little change for women. Of the two extra credit factors,
veterans preference accounts for more of the shift than OKT credit.

For every woman who receives extra credit for being a veteran, 16 men
also get veteran's preference credit. By comparison, for every woman
who would get extra credit for aviation-related experience based on OKT
scores, 9 men would also get extra credit. While both factors result in
moving more men than women to higher total score ranges for appointment
consideration, almost twice as many men are moved up based on veterans
preference than on OKT scores.

The effect of granting extra credit on score distribution can also be
examined in terms of the relative representation of men, women and minority
groups in various score ranges with and without the extra credit.

Table 56 shows the percentage of men and women in each of four score range
groups based on raw OPM test scores (before veterans preference or OKT
extra credit is applied) and compares those to the percentage of men and
women in each group after applying extra credit. It should be noted that
by adding extra credit it would be possible to have a maximum total score
which exceeds 100.
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TABLE 59

OPM TEST SCORE GROUPS
(Pass Sample N=3035)

70-79 80-89 90-100 90-99 100+
Raw With Raw With Raw With With
Score Credit Score Credit Score Credit Credit

Group (N=1440) (N=1076) (N=1106) (N=1086) (N=489) (N=644) (N=229)

Men 74% 67% 73% 73% 73" 79' 897

Women 26% 33% 27% 27% 277 21/ II-

100% 100% 100% 100% 100% 1002 100,

Based on the raw OPM test scores, women comprise 26-27 percent of each of the
score range groups as compared to men. Since women comprised 26 percent of
the total pass group, they are also proportionately represented (as compared
to men) in each of the score range groups. However, when veterans preference
and OKT credit is included, the percentage of women increased to 33 percent
in the 70-79 score group; remains the same in the 80-89 group; and drops to
21 percent and 11 percent in the two "highest" scoring groups. 'able 59
provides a quantative measure of the extent to which veterans preference and
aviation related experience, as measured by OKT, differentially affect men
and women for appointment consideration.

Table 60 compares the same data by minority groups.

TABLE 60

OPM TEST SCORE GROUPS
(Pass Sample N=2948

70-79 80-89 90-100 90-99 100+
Augmented Augmented Augmented Augmented

Rating Rating Rating Rating Rating Rating Rating

Group (N=1387) (N=1042) (N=1079) (N=1058) (N=482) (N=622) - (N=226)

White 81% 80% 90% 89% 94% 93" 93,

Hispanic 5% 5% 4% 4% 4% 4%

Black 14% 15% 6% 7% 2% 3% 1"

100% 100% 100% 100% 100% 100% 100;

In the case of Black and Hispanic minority groups, it is evident that granting
veterans preference and OKT credit has very little impact on the proportionate
representation within each OPM score group for those applicants who pass the OPM
test. Overall, Table 60 indicates that veterans preference and credit for
aviation experience affects each of the racial groups essentially the same with
respect to their score distribution.
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Analysis of Experimental ATC Test and OKT

Based on prior research conducted by the Civil Aeromedical Institute on
a group of 1827 ATC trainees at the FAA Academy, it was shown that an
experimental ATC test battery comprised of the Multiplex Controller
Aptitude Test (MCAT), the OPM Test 157 - Abstract Reasoning, and the
OPM Test 24 - Arithmetic Reasoning provided a high multiple correlation
(R=.54) with ATC training laboratory scores (19). It was also shown
that the use' of an ATC Occupational Knowledge test added significantly
to the statistical correlation (26) I.,).

Since parallel forms of MCAT and a 60-item version of OKT (101 C) were
administered together with the current OPM ATC test, it was possible to
construct an Experimental ATC Test Battery comprised of MCAT, Abstract
Reasoning, Arithmetic Reasoning, and OKT and compare these results to
the current OPM test battery for the same 6000 applicant group.

Consequently, the analyses previously discussed for the OPM ATC test were
also completed using this Experimental ATC test battery. Each of the
three tests (excluding OKT) were equally weighted in deriving a composite
score for the experimental ATC test battery.

The table numbers used in this section will be the same as those used in
the OPM test analysis followed by a suffix "E" where the same data is
presented for the Experimental ATC test.

Table (11 provides the results of using the Experimental ATC test with
respect to "pass/fail". A minimum raw score of 100.47 was used which also
equates to the mean score on the test battery where about half of the
applicants pass and half fail.

'I'ABLI' 61

IASS/17AII. - I':XPERIMENFIAL. ATC 'VS:T

Pass Fail
To W Exp. ATC Test Up. MC Test

Croup Applicants -M .2

Man 4191 2312 (551) 1879 (452)

w-m 1785 852 (482) 933 IM

Total 5976 3164 (53%) 2812 (47%)

With the Experimental ATC test battery (excluding OKT, a somewhat higher
percent of the total applicants passed compared to the OPM test (53 percent
compared to 51 percent).

With respect to sex groups, both men and women passed the Experimental ATC
test at a higher rate, (55 percent men compared to 53 percent on the OPM
test and 48 percent women compared to 45 percent with the OPM test). However,
the mean raw score on the Experimental ATC test was used as a "pass" score.
On the current OPM ATC test the mean raw score for this applicant group
was 207.1 compared to the established pass score of 210. Consequently, the
"higher" pass rate is primarily a result of the pass scores utilized.
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Given this general ccmparison of the two tests, one key point then is
the extent to which the individual applicants who passed the two tests
in fact differ. Table 62 shows the number of applicants who: (1) passed
both tests; (2) failed both tests; (3) passed the OPM test but failed the
Experimental ATC test; or (4) failed the OPM test but passed the Experi-
mental ATC test.

TABM,E 62
TEST RESULT 1)1 F--RENCES - - INDIVIDUAL APPLICANTS

Passed Both Failed OPM/Passed ATC
(1) (4)

Pass Exp.
ATC 3164

2727 
437

(46%) (7%)

Passed OPM/Failed ATC Failed Both
(3) (2)

Fail Exp.

308 2504 ATC 2812

(5%) (42%)

Pass OPM Fail OPM TOTAL

3035 2941 5976

From Table 62 it is evident that using the two different tests affected the
pass/fail ;tatus of 745 (12 percent) of the total applicants. In terms of
the Experimental ATC test, 437 different applicants (14 percent of those who
passed) would be eligible for appointment consideration who would not be
eligible based on the current OPM test. While most of the shifts between
pass/fail on the two tests occur around the passin; score of 70, some
applicants who scored as low as 45 on the OPM test, passed the ATC Experimental
test. Conversely, some applicants who scored as high as 85 on the OPM test
failed the ATC experimental test.

Table 63 shows the pass/fail rates on the Experimental ATC test by racial
groups.
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TABLE 63

PASS/FAIL RATES - EXPERIMENTAL RACIAL (ROUPS

Pass fail
Total Exp. ATC Test Exp. ATC Test

Group Applicants N MN (2)

White 4067 2678 (661) 1389 (342)

HBmpald C 339 141 (42Z) 198 (582)

Black 1407 256 41_821 1151 .18221

Total 5813 3075 (532) 2738 (47)

For the Experimental ATC test, the percentage of the White roip who pjssed
was somewhat higher than on the OPM test (66 percent compared to 64 percent).

The Hispanic group also increased in pass rate (40 percent comp.1red to 38

percent) and the Black group pass rate decreased s]li,,ht l y (18 prrc nt
compared to 19 percent).

Again, because of the disproportionate number of minorities who did not pass

the Experimental ATC test, analysis of score distribution is provided in

Table 64.

TABLE 64
SCORE DISTRIBUTIONS-EXPERIMENTAL ATC TEIST

(N-2738) (N-3075)
Fail Uap ATC Test - --4 Pass Exp. ATC Test

Be low
50 50-59 60-69 70-79 80-89 89

Group) N 0 N ( N (2) N (%) N (2) Total

hite 39 ( 1%) 329 ( 8) 1021 (25%) 1758 (432) 857 (21%) 63 (22) 4067

ispanic 23 ( 7%) 74 (21%) 101 (302) 105 (312) 33 (102) 3 ( 1) 339

lack 245 (17) 465 (33%) 441 (322) 227 (162) 28 ( 22) 1 ( a ) 1407

It is evident from this analysis that, for all racial groups, the number

of applicants who did very poor on the Experimental ATC test (scores below

50) is much smaller than on the OPM test. For example, 32 percent of the

Black applicants scored below 50 on the OPM test compared to 17 percent

on the Experimental test. This also held true for applicants who scored

very high on the OPM test where 11 percent of the White group scored above

89 in contrast to only 2 percent on the Experimental ATC test.

Figure 9 provides a graph of the Experimental ATC test score distribution

for selective racial groups.
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FIGURE 9
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In analyzing the relationship of the Experimental ATC Te-ot and the Occu-
pational Knowledge Test (OK), the discussion and descriptive statistics
for the total applicant group, as provided in Table 55, 56, and 57 also apply
here.

However, some applicants who passed the OPM Test failed the Experimental
ATC Test (and vice versa). Consequently, the number of applicants (and
individual applicants) who could be eligible for extra credit based on
OKT scores will differ for the two tests.

Table 66 provides the number and distribution by "point groups" of the
total applicant group, those who failed the Experimental ATC Test, and
those who would be eligible for extra credit based on their OKT scores.

TABLE 06
TOTAL APPI. I CAT I0 IT (-,i(UP's

Total

Extra Failed Exp. Eligible for

Points Total ATC Test Extra Credit

15 pts. 259 60 (23%) 199 (77%)

10 pts. 251 70 (28%) 181 (72%)

5 pts. 229 59 (22%) 170 (78%)

3 pts. 229 85 (37%) 144 (63%)

968 274 (28%) 694 (72%)

Of the total 968 applicants who could be eligible for extra OKT credit,
a total of 206 failed both the OPM and the Experimental test. A total
of 66 failed the OPM test but passed the Experimental ATC test. Con-
versely, 68 passed the OPM test but failed the Experimental ATC test.
Consequently, the two tests affected 340 applicants or 35 percent of the
applicants who scored above 64 on the CKT.

Figure 1.0 provides the distribution of raw Experimental test scores for
the total applicant group in comparison to the OPM test score distribution.
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FIGURE 9
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Those applicants who scored below 45 on the OPM ATC test tend to cluster
in the 50-59 score range on the Experimental ATC test. Table (7 also
provides the comparative distribution statistics for the "pass group"
for each of the tests.

TAI'I 67
PASS G OUP TST SORE DZSTRIBLTION

70-74 75-79 80-84 85-89 90-94 95+
N4 2L %4 _!! % _L %4 -! TO __ TAL

OPN Test 697 (232) 743 (242) 635 (212) 471 (16%) 310 (102) 179 (62) 3035

Esp. A'C Test 1253 (40%) 895 (28Z) 606 (192) 341 (112) 63 ( 22) 6 C * ) 3164

The Experimental ATC test provides a considerably greater differentiation on test
scores between the applicants who pass as compared to the OPM test with a much
higher clustering of applicants in the 70-79 score range (67 percent com-
pared to 48 percent) and a much smaller number of applicants with scores
of 90 and above (2 percent compared to 16 percent).
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The Experimental ATC test data were also examined in terms of test score
distribution and the effect of additional credit for veterans preference
and aviation-related experience on the score distribution for those who
passed.

Figure 11 provides the score distribution for all ATC applicants who
passed the Experimental ATC test after adding extra credit for veterans
preference and OKT test scores above 64.

FIGURE 11
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With the Experimental ATC test, a total of 485 applicants scored 90 or
above (15 percent of those passing) with the addition of extra credit for
veterans preference and OKT scores compared to 69 (2 percent of those
passing) before adding extra credit. This is in contrast to the OPM test
where 899 (29 percent of those passing) scored 90 or above after adding
extra credit.

Figure 12 shows the distribution of Experimental ATC test scores after
adding veterans preference and OKr test score credit for men and women.
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Table 68 also shows the percentage of men and women in each of four score

range groups based on raw Experimental ATC test scores (before veterans
preference or OKT extra credit is applied) and compares those to the per-

centage of men and women in each group after applying extra credit.

TABLE 68

EXPR IUT, A1 TEST S4AiE GX)UPS

70-79 80-99 90-100 90-99 i00.

Raw with Raw With Raw With or

Score Credit Score Credit Score Credit Credit

Men 72% 65% 75% 76% 71% 8i9% 95%

100 100% 10% 100% 100 100 100

The overall effect of combining the Experimental ATC test score with

veterans preference and OKT scores is to increase the proportion of women

in the lower score group (70-79) and decrease their representation in the

higher score group (90+) in comparison to use of the current OPT' test.
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Table 69 compares the same information by minority groups.

'FABLE 69

Esp. ATC Test Score Groups
(Pass Sample N-3075)

10-79 80-89 90- -90-99 100+
Raw With Raw With Raw With With

Score Credit Score Credit Score Credit Credit

(N-.2090) (N-1475) (N.918) (2-1127) (N4-67) (N-364.) (N-109)

White 842 812 932 922 94% 94% 932

Hispanic 5% 6Z 4Z 42 5% 32 5Z

Black 12 13_ 32 42 12 3% 22

100% 100% 100% 100% 100% 100% 100%

Again, the addition of credit for veterans preference and OKT scores has a
relatively small impact by racial group except in the 70-79 score group
where the effect is to decrease the percentage of the white group by 3 percent
(84 to 81 percent) and increase the precentage of the black group by 2 percent
(11 to 13 percent).

The analyses of the Experimental ATC test battery previously discussed were
based on equal weighting of each of the three tests (CSC-24, CSC-157, and
MCAT) included in the experimental test battery.

Multiple regression analysis using the ATC laboratory problem scores as the

criterion for a sample of 1827 ATC trainees at the FAA Academy resulted in
a correlation (R) value of .5407. Converting the beta weights to unit
weights of:

1 x CSC 24 Arithmetic
2 x CSC 157 Abstract Reasoning
4 x Multiple Controller Aptitude

resulted in a correlation value (R) of .5354. In order to assess the effect
of using the weighted test scores, the 1978 ATC applicant group test results
were further analyzed.

Table 70 provides the pass/fail results using the Weighted Experimental
ATC test (excluding OKT) for men and women. With the test weighted, the percentage
of men who passed increased from 53 percent (unweighted) to 56 percent. Women
decreased from 48 percent (unweighted) to 43 percent.

TABLE 70

PASS/FAIL, WEIGHTED EXPERIMENTAL ATC TEST, BY SEX

Pass Weighted Fall Weighted
Total Ix. ATC Tet1. Mr C Test

Group Avluts H

Hll, 6191 2348 (562) 1643 (44t)

Uoa, 1765 768 (43 ) 1017 (57)

Total 5976 3116 (522) 2860 (482.)

93

- - ------



Table 71 provides the pass/fail rates for selective racial groups with
the Weighted Experimental ATC test (also excluding OKT). Again, the mean
score on the composite weighted test was used as the "cut" score for the
applicant group.

TABLE 71

PASS/FAIL, WE5IGHIED_ EX_PEE KIMENIL _C IS I _BY" _RACE

Total Pass Weighted Fail Weighted
Group Applicants Es. ATC Test ExP. ATC Test

E -0- N

White 4067 2698 (66%) 1369 (34t)

Hiapanic 339 136 (412) 203 (59%)

Black 1407 198 (142) 1209

Total 5813 3032 (52.) 278! ('81)

The pass rate for the White group remained the same (66 percent) as compared
to the Unweighted test. The Hispanic group dropped from 42 percent to 41
and, the Black group dropped from 18 percent to 14 percent.

Table 72 provides the weighted test score distribution by racial groups.

TABLE 72
1%EIGCITED TEST SCORE BY RACIAL GROUP

(N-2781) (N-3032)
Fail Weighted Esp. ATC Test - - Pass Weighted Exp. ATC Test

Below Above
50 50-59 60-69 70-79 80-89 89

Group M1 f _M 3 N~2 N Total

White 20 (a) 271 ( 7) 10 , (271) 1645 (401) 987 (24%) 66 (22) 4067

Hispanic 22 ( 72) 65 (192) 100 (302) 100 (301) 32 (9%) 4 (1%) 339

Slack 187 (133) 522 (372) 500 (363) 167 (121) 31 ( 21) 0 (0z) 1407

aLtAs than I percant

By weighting the test, more of the White applicants shift to the 60-69 and 80-89
score ranges and more of the Black applicants shift to the 50-69 score range.
As a total group, fewer applicants score below 50 with the weighted test as com-
pared to the Unweighted test (20 percent versus 25 percent).
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Figure 1; shows the score distribution for selected racial groups based on

the Weighted Experimental Test.
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Comparing the Weighted Experimental ATC test battery to the present OPM test

in terms of pass/fail status of the applicants shows that: (1) 2606 passed

both tests; (2) 2431 failed both tests; (3) 510 passed the Weighted ATC test

but failed the OPM test; and, (4) 429 passed the OPM test but failed the ATC

Weighted Test battery. Use of these two different test affect the pass/fail

status of 939 (16 percent) of the applicants. With the Weighted Experimental

ATC test, 510 different applicants (16 percent of those who passed) would be

eligible for appointment consideration that would not be eligible based on

the current OPM test.

In comparing pass/fail results of the Unweighted and Weighted Experimental

ATC Tests, 8 percent of the total applicants were affected; 219 failed the

Unweighted Test but passed the Weighted Test and 267 passed the Unweighted

but failed the Weighted Test.
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Table 73 compares the distribution of the ATC applicants and those who
passed the OPM, Unweighted anl Weighted ATC test with the Civilian Labor

Force (CLF). TABLIE 7 3

COMPARAT IV1' 1) SI KI liI IONS

% of Z of I of Weighted

Civilian X of AT 0P14 Exp. ATC Test Exp, ATC Test
Group Labor Force Applicants Pass Group Pass Group Pass Group

Amarican Indian .3% 1% 1.0% 1.2% 1.15

Asian .8% 1.2 .1.Z 1.3% 1.0%

Black 9.7% 24% 8.9% 7.6% 6.41

White 85.0% 68% 84.8% 85.5% 87.1

Hispanic 4.22 62 4.2Z 4.4. 4.42

100.0% 1002 100.02 oo.0 100.0%

Figure 14 provides the distribution of weighted test scores for the total
applicant group in comparison to the OPM test score distribution. In both

cases, the test scores exclude extra credit for veterans preference or OKT.
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Table 74 shows the percentage of men and women in each of four score

range groups based on Weighted ATC test scores before applying veterans

preference or OKT credit and compares these to the percentage after

applying extra credit. Table 75 provides the same information by

racial group.

XPERI K14AL WEICHTED ATC TEST SCORE GROUPS

70-79 80-89 90-100 90-99 100+

Raw With Raw With Raw With With

Score Credit Score Credit Score Credit Credit

(N-1968) (N-1426) (N-1076) (N-11621) (N-72) (N-402) (N.126)

Men 74% 67% 772 7% 88z 92% 962

Woan 26Z 33% 232 2 12 I 82.z 42_Z

1002 LOO 1002 1002 1002 1002 1002

'[ABLE-7 5

EXPERIMENTAL WEIGHTED ATC TEST SCORE GROUPS

70-79 80-89 90-100 90-99 100+

Raw With Raw With Raw With With

Score Credit Score Credit Score Credit Credit

(N-1912) (N-1381) (N-1050) (N-1136) (N-70) (9-392) (N-123)

White 86Z 852 94% 93% 94% 93% 94%

Hispanic 52 62 3Z 3% 6% 42 5%

Black 9 92 3% 42 02 32 1

1002 1002 1002 100: 1002 1002 1002

Table 76 provides a comparison of the total score distribution with extra credit

and the pass rates for the present OPM ATC test battery and the Experimental

ATC test battery, both unweighted (UW) and weighted (W). These distributions

reflect the composition of the OPM competitive register from which selection of

applicants would be made based on the "Earned Rating" for each of the test

batteries with extra credit given for veterans preference and OKT scores.

.(See Tables 59, 74, and 56.)

TABLE 76
EXTRA CREDIT EFFECT ON PASS RATES

Test 
Total Total

Battery 70-79 89 90-99 100 pas Api

&stood BAt Lal =21i TT T Xfl lu T IIt

OIM Test 1076 (352) 1086 (362) 644 (212) 229 (52) 3035 (51%) 5976

lsp. AC Test (W6) 1523 (4862) 1156 (362) 374 (122) 111 (42) 3164 (532) 5976

ip. ATC Test (W) 1426 (462) 1162 (372) 402 (13%) 126 (12) 3116 (522) 5976
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Table 77 provides the descriptive statistics for the applicant group on
each of the three composite test batteries by men and women and racial
groups.

T,%l31, 77
DESCRIPTIV 'E SEI]AT I CS'I l-(IN)SIFE TFEST BATTY RI}ES

OPM Unweighted Weighted
Test Exp. ATC Test Exp. ATC Test

Gro Mean SD Mean SD Mean SD

Men (N=4191) 210.0 46.0 101.9 22.6 227.3 55.5
Women (N-1785) 199.8 49.3 98.3 22.7 210.7 56.1

White (N=4067) 220.1 39.8 107.5 19.0 241.5 46.7
Hispanic (N=339) 191.7 49.7 93.9 23.4 206.5 56.1
Black (N=1407) 165.0 45.8 79.6 21.0 170.5 47.2
Asian (N=57) 210.7 48.3 103.8 21.7 235.8 50.8
Amer. Indian (N=61) 204.5 41.6 99.2 20.5 222.9 49.6

Total Group 207.1 47.2 100.5 22.7 222.3 56.2
"Pass Score" 210.0 - 100.47 - 22.27 -

Transmuted Score 70.0 70.0* 70.0

*Transmuted scores were derived as follows:

Unweighted Experimental ATC test battery

Ts = 10.5 6 ( Rs-s-) + 70 where:
RsSD

Rs - Raw score on unweighted ATC test
Rs = Mean of unweighted ATC test (100.47)
RsSD - Standard deviation of unweighted test battery (22.67)

Weighted Experimental ATC test battery

Ts - 10.6 8(RsRs3) + 70 where:
RsSD

RsR 222.27
RsSD - 56.22
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Table 78 provides the intercorrelations for the three test batteries.

'FABILE 78

INTERCORRELAT I ONS-COlPOS I'TE 'VEST BATITR I ES
Present Exp. Exp.
OPM ATC Test ATC Test
Test Unweighted Weighted

OPM 1.00 .92 .88
ATC (Unweighted) 1.00 .97
ATC (Weighted) 1.00

Conclusions. Given the high attrition rate of ATC trainees and the objective
of developing improved methods of selecting applicants for the ATC occupation,
attention is focused on the selection tests used in the hiring process. The
results of using the Experimental ATC test battery which was derived from the
research studies previously discussed are not unexpected.

The number of applicants who score high on the Experimental ATC test (85
and above) is much smaller than on the current OPM test. Based on the
validity studies which have been conducted, those applicants who score high
on the Experimental ATC test can be expected to have the highest probability
of success in the developmental training for the ATC occupation.

Granting extra credit for military service is required by law. This does
impact on the competitive appointment consideration for women but does not
appear to differentially affect individual minority groups. Aviation-related
experience and knowledge which is measured by the Occupational Knowledge test
has been shown to be a positive predictor of success in ATC training in the
research studies previously discussed. Granting extra credit for the demon-
stration of this knowledge improves the competitive position of selected appli-
cants but this is consistent with the objective of developing improved selection
procedures in order to hire those applicants who demonstrate aptitude for air
traffic control work and whose potential for success is greatest.
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STUDY OF NEW APPOINTEES TO THE ATC OCCUPATION - 1978

Objective. Research stuldies discussed up to this point were directed to:

1) Identifying an improved ATC test battery;

2) Development of parallel test forms for those tests which
consistently produced significant correlations with the

various criterion measures of ATC success; and

3) Evaluation of experimental and OPM tests in relation to
applicants for ATC work.

Results of these studies supported the conclusion that a new test battery

comprised of the Multiplex Controller Aptitude Test (MCAT), Abstract

Reasoning (CSC-157), and Arithmetic Reasoning (CSC-24) provided consistently

high correlation with criterion measures. It was also shown that the ATC

Occupational Knowledge Test provided a better measure of aviation-related

knowledge than the present Rating Guide used to evaluate experience. The

Occupational Knowledge Test (OKT) also provides significant correlations
with success in the ATC occupation which added to the validity obtained from

the test battery alone.

With the development of parallel forms of MCAT and OKT, the next step was to

validate the proposed test battery with a new group of ATC trainees attending

the FAA Initial Qualification ATC Terminal and En route training program. Since

this study has not been published elswehere, this section will discuss the com-

plete methodology and findings.

Sample Description. The sample of trainees used for this validation analysis

consisted of 953 new trainees attending the FAA Academy during the period

June 1978 through December 1978. As in previous studies, tests were admin-

istered on a voluntary basis on the first day of attendance at the Academy.

The composition of the sample with respect to sex and racial groups 
is provided

in Table 79.

TABIA': 79

S-EX -AND)RC 1978 SANIL-1I

Men 800 (85.0:.) Uriental 10 (1.1
Women 141 (15.0L) 1li(panic 2 (2.')

Uni,lentified 12 -- Elack 81 (8.5')
-Other 9 (88.0

Total 951 I't al 95
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Table 80 compares the composition of this sample with the 1978 ATC appli-

cant group who passed the OPM test and those who passed the OPM test with

total scores (earned ratings) above 89.

TABLE 80

1978 SAMPLF VURSTZS 1978 ATC APPLICANTS

1978 ATC Passed Passed OPM 1978 ATC
Group Applicants OPM Test Test 90+ Score Trainee Sample

Men 4191 ( 70%) 2236 ( 74%) 722 (82.6%) 800 ( 85%)
Women 1785 ( 30%) 799 ( 26%) 151 (17.27) 141 ( 15%)

5976 (100%) 3 (100%) 873 (100%) 941 (100%)

Amer. Ind. 61 (1.0%) 31 (1.1%) 6 (.7%) - (--)
Asian 57 (1.0%) 35 (1.2%) 15 (1. 7%) 10 (1.1%)
Hispanic 339 (5.7%) 128 (4.2%) 31 (3.6%) 23 (2.4%)
Black 1407 (23.7%) 264 (8.8%) 26 (3.0%) 81 (8.5%)

White 4067 (68.6%) 2556 (84.8%) 791 (91.0%) 839 L88.0%)
5931 (100.0%) 3014 (100.0%) 869 (100.0%) 953 (100.0%)

The representation of minorities in the ATC trainee sample is somewhat
greater than would be expected if all trainees had been selected through
competitive appointment processes from the OPM reJister. Because of the
large number of applicants in relation to the relative small number of
vacancies, competitive selections of ATC trainees are normally made in
score ranges above 90. As shown in the analysis of the OPM test scores
for the 1978 ATC applicants, the White group comprised about 91 percent of
all applicants who scored 90 and above on the OPM test battery after in-
clusion of credit for Veterans Preference and aviation-related knowledge/
experience. However, in this group of over 900 ATC trai.iees, the White
group is 88 percent of the total.

Because of the difficulties in hiring women and minorities through com-
petitive appointment processes from OPM registers, FAA established an
alternate recruitment program in 1968 which provides for non-competitive
appointment of individuals who are already federal employees with status
in the career Civil Service system. These individuals are required to
pass the same ATC test battery with a score of 70 or more as the appli-
cants appointed from the OPM register. However, having passed the test,
they can be hired at the GS-5 level non-competitively. This alternative
recruitment program is identified as the ATC Predevelopmental Program.
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Approximately 200 ATC trainees are hired each year through this alternate
recruitment program. This represents about 10 percent of annual new ATC
hires. These employees receive a year of predevelopmental training in
air traffic control related subjects including 17 weeks of formal class-
room instruction at the Predevelopmental Training Center at the University
of Oklahoma followed by training assignments at FAA terminal, en route
centers, and flight service station field facilities. Upon completion of
predevelopmental training, these employees are promoted to GS-7 (the
normal entry grade for ATC trainees) and assigned to the FAA Academy for
Initial ATC Qualification Training.

In order to further determine the composition of the 1978 ATC trainee group,
Table 81 identifies the number of predevelopmental employees included in
the sample by sex and racial group.

TABLE 81

PREDEVELOPMENTAL EMPLOYEES BY SEX AND RACE

Non-Predevelopmental Predevelopmental
(Competitive Appt.) (Non-Competitive Appt.) Total

% of % of % of % of
GrOUp N Total Croup N Total Croup N %

men 739 (92.4%) ( 88.9%) 61 (7.6%) ( 55.5%) 800 (100%)
Women 92 (65.2%) ( 11.12) 49 (34.8%) ( 44.5%) 141 (100%)

831 (88.31) (100.0%) M-" (11.7%) (100.0%) 941 (100%)

Asian 9 (90.02) ( 1.1%) 1 (10.0%) ( 1.0%) 10 (100%)
Hispanic 11 (47.81) ( 1.3%) 12 (52.22) ( 10.9%) 23 (100%)
Black 26 (32.11) ( 3.11) 55 (67.9%) ( 50.0%) 81 (100%)
Other 797 (95.0%) ( 94.5%) 42 ( 5.0%) ( 38.1%) 839 (100%)

843 (88.5%) (100.0%) 110 (11.5%) (100.0%) 953 (100%)

It is evident that the Predevelopmental recruitment program provides a
major avenue for entry of women and minorities into the GS-7 Initial
Qualification ATC training program. About 12 percent of this 1978 ATC
trainee sample entered the ATC occupation through the Predevelopmental
Program. Approximately 35 percent of the women, 52 percent of the
Hispanics, and 68 percent of the Blacks in this group of over 900 ATC
trainees came into the occupation through Predevelopmental recruitment
efforts.
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Table ,-!' compares the composition of this group of ATC trainees with
the Civilian Labor Force (CLF) in relation to both the ATC trainees
hired through competitive and non-competitive OPM procedures.

'VIII N LAl>)R FT RCE[ VS. \I 111 J f ' l. \ ,
Competitive 1978 Total (Comp. & Non-Comp.)

Group CLF ATC Trainees 1978 ATC Trainees

Men 62% 89% 85%
Women 38% 11% 15%

Amer. Indian .3% ....
Asian .8% 1.1% 1.1%
Hispanic 4.2% 1.3% 2.4%
Black 9.7% 3.1% 8.5%
Other 85.0% 94.5% 88.0%

100.0% 100.0% 100.0%

Predictors. The predictors used in this analysis were:

9 Multiplex Controller Aptitude Test (4o6e, 4e6o, 6e7o,

6o7e, 734o, and 7o4e)

* CSC Test 24 - Arithmetic Reasoning

* CSC Test 157 - Abstract Reasoning

* ATC Occupational Knowledge Test
OKT 101B, 100 items; OKT 101C, 60 items, OKT 102
(Forms A, B, C, D, E, F, G, H), 80 items keyed

In this study, two of the parallel forms of MCAT were administered to each
student. MCAT 1 was the first form administered; MCAT 2 was the second.

Table 83provides the intercorrelation of raw scores for each half or part
test on each of two parallel forms of MCAT administered to 617 ATC students
at the FAA Academy.

TABLE 83

INTERCORRELATIONS-MCAT PARALLEL FORMS

1 2 3 4 5 6
First MCAT Administered (MCAT 1)

1. First Half, Rights - .58 .89 .48 .42 .51
2. Second Half, Rights .89 .48 .49 .56
3. Total Rights .89 .89 .60

Second MCAT Administered(MCAT 2)

4. First Half, Rights .52 .85
5. Second Half, Rights .89
6. Total Rights
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A test-retest correlation of .60 between comparable two-part 35 minute
forms of MCAT was obtained. Test reliability was .75 for this restricted
group. Administering two forms of MCAT would provide an estimated reli-
ability of about .88 with an unrestricted population. Some 265 trainees

in the total sample (953) took forms IiB or 101C of the oKr. For pur-
poses of this analysis, these test scores were converted to a scale common

to forms 102 of the OKT.

The descriptige statistics on test scores for this sample of ATC trainees

is provided in Table 84.

TFAB1LE 84

DESRI 1 VL AlI I IS-YAT1978 -SANLPLE

MN3 1OQ3I TOAL

i,Me-n SD (, Me-n SDR Me-an D

MCAT 1 (800) 37.4 6.9 (141) 34.1 7,8 (953) 36.9 7.1
MCAT 2 (800) 42.9 5.8 (141) 40.7 6.4 (953) 42.6 6.0
CSC 24 (515) 46.6 6.5 ( 67) 47.2 7.1 (592) 46.6 6.6
CSC 157 (515) 38.8 6.2 ( 67) 39.8 6.0 (592) 38.8 6.2
01 (800) 64.9 15.5 (141) 57.7 15.1 (953) 63.9 15.6

ORIMTAL HISPANIC 3LACK WHITE

Teit 1") Mea D _ MeUan D (E) Mean 12 (9) MeanS

MCAT I ( 10) 36.2 4.7 ( 23) 37.1 6.6 ( 81) 29.8 7.9 (839) 37.6 6.7
MCAT 2 ( 10) 43.2 5.7 ( 23) 42.7 7.4 ( 81) 36.6 6.8 (839) 43.2 5.5
CSC 24 ( 1) 44.0 - ( 7) 48.7 6.3 ( 39) 44.2 7.1 (545) 46.9 6.5

CSC 157 ( 1) 43.0 - ( 7) 38.7 5.4 ( 39) 35.3 6.1 (545) 39.1 6.2
0CT 10) 61.3 13.5 (23) 59.0 19.9 ( 81) 66.2 13.1 (839) 63.9 15.8

About 12 percent of the 953 ATC trainees entered the occupation through the
Predevelopmental Program. It was of interest to establish the extent to

which mean scores and standard deviations on each of the tests differed
between the Predevelopmental (non-competitive appointments) and non-prede-
velopmental (competitive dppointments) groups. Table 85 provides the
descriptive statistics for each of these groups by sex. It is important
to recognize that the scores for the Predevelopmental trainees on MCAT

and OKT were obtained after they had completed a year of training. Scores
o- the CSC-24 and CSC-157 tests were obtained for both groups based on the
current ATC test battery administered prior to employment in the ATC
occupation.

TABLE 85

DESCRIPTIVE STATISTICS BY SEX - 1978 SAMPLE

Non-P deveoLPmanUt1 Predevelopmental

AXC Traine" ATC Trainees

n Women Men Women

N - IMeanf-- (SD) Mean (SD) Mean (SD) Ma

MOAT 1 (739) 37.8 ( 6.6) (92) 35.2 ( 7.4) (61) 32.3 ( 8.1) (49) 32.4 (7.9)

MCAT 2 (739) 42.3 (5.4) (92) 41.5 (6.2) (61) 38.3 (8.1) (49) 39.5 (6.8)

CIC-24 (495) 4.7 ( 6.5) (48) 48.1 ( 7.1) (20) ".3 ( 6.6) (19) 45.0 (6.7)

C&C-I37 (495) 38.9 ( 6.2) (48) 40.8 ( 5.7) (20) 35.6 ( 5.7) (19) 37.3 (6.2)

on (739) 64.4 (15.7) (92) 52.0 (15.6) (61) 72.5 (10.8) (49) 6.1 (9.4)
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On all tests except OKT, the mean score of the Predevelopmental group is
lower than the non-predevelopmental group. On OKT it is evident that the
year of predevelopmental training for employees who are hired non-competitively
is quite successful in providing knowledge on air traffic rules, regulations,
and procedures which the OKT was designed to measure. Both men and women
Predevelopmentals score significantly higher than their non-predevelopmental
counterparts as reflected by the mean scores on OKT for the two groups. In
addition, the.standard deviations on OKI for the Predevelopmental group was
considerably lower indicating a much more restricted range of test scores.

On the two present CSC tests (157 and 24), women in both groups score somewhat
higher than men. This is consistent with the pattern derived from the 1976-
1977 ATC applicant group who passed the OPM ATC test and the 1978 ATC appli-
cant group.

On the MCAT, men and women in both groups increased their mean test scores
on the second administration of this test. However, the difference in mean
scores between the predevelopmental and the non-predevelopmental groups re-
mained fairly constant for each of the tests. Men in the predevelopmental
program scored between 4 and 5 points lower and predevelopmental women between
2 and 3 points lower on each of the tests as compared to non-predevelopmentai
trainees.

Table 86 provides the descriptive statistics for the predevelopmental and
non-predevelopmental groups by race.

TABLE 86

Non-Predevelopmental ATC Trainees

Oriental Rispanic Black White Total
MS~ ean (SD) (N) Mean (SD) NJ Mean (SD) Ma (D) j Men S)

MCA 1 (8) 36.4 (5.2) (11) 41.7 ( 4.7) (24) 30.8 ( 6.4) (778) 37.7 (6.7) (821) 37.5 (6.7)
MCAT 2 (8) 43.4 (5.7) (11) 43.2 ( 5.3) (24) 38.5 ( 5.6) (778) 43.2 (5.4) (821) 43.1 (5.5)
CSC 24 (1) ".0 - ( 4) 51.8 ( 6.2) (15) 42.4 ( 7.1) (532) 46.9 (6.5) (552) 46.9 (6.5)
CC 157 (1) 43.0 - ( 4) 42.0 ( 3.6) (15) 35.4 ( 6.3) (532) 39.1 (6.2) (552) 39.0 (6.2)
OC (8) 60.9 (15.4) (11) 48.1 (20.5) (24) 58.3 (15.1) (778) 63.5 (16.0) (821) 63.1 (16.1)

Pradeveloimencal A2C Trainees

Oriental Bispagac Black White Total

=04A Mea SD) UN Kean (SD) Ke Man (SD) Mean (SD) _ MN ean (SD)

MCGT 1 (1) 34.0 - (12) 32.9 ( 5.2) (56) 29.5 ( 8.3) (43) 36.4 ( 6.9) (112) 32.6 (8.1)
MCAT 2 (L) 37.0 - (12) 42.3 ( 9.2) (56) 35.9 ( 7.1) (43) 42.1 ( 6.0) (112) 39.0 (7.5)
CSC 24 - - - ( 3) 44.7 ( 4.5) (24) 45.4 ( 7.0) (13) 43.9 ( 6.8) ( 40) 44.R (6.6)
C8C 157 - - - ( 3) 34.3 ( 4.5) (24) 35.3 ( 6.1) (13) 38.2 ( 6.5) ( 40) 36.1 (6.1)
O1 (1) 60.0 - (12) 69.1 (13.6) (56) 69.9 (10.4) (43) 70.1 (10.3) (112) 69.7 (10.7)

As a group, the Predevelopmental trainees scored lower on all tests as
compared to the non-predevelopmental trainees except on OKT. The greatest
difference in mean scores were associated with the MCAT test which also had
greater score ranges for the Predevelopmental group. These differences
were generally evident within each of the racial groups as well.
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On the OKT, each racial group of Predevelopmentals generally scored signi-

ficantly higher with a more restricted range of scores than their non-pre-

developmental counterparts. However, it does not appear that the academic

ATC knowledge acquired during the one year of training carrys over, in

application, to the MCAT for the predevelopmental group.

On the MCAT, there is a consistent pattern of "learning" between the first

and second administration of the test for all trainees although the non-

predevelopmental trainees generally maintain a constant difference in mean

scores on both tests as compared to the predevelopmental trainees. This

pattern supports the use of a double length MCAT as a means of measuring

this "learning ability" on the part of applicants.

Criterion. In this analysis, whether or not the student passed the ATC

Academy training course or failed/withdrew was used as the criterion

measure against which the tests were validated. Of the students who with-

drew, those who did so for medical reasons or because of personal or family

emergencies, were excluded from the sample since their training was inter-

rupted through no cause of the student. In these cases, the student is

allowed to reenter training after the medical situation or emergency is

resolved.

Essentially all of the students who fail or withdraw do so in the laboratory

phase of training which requires the trainees to demonstrate and apply their

knowledge and skill to air traffic control problems conducted in a laboratory

environment. The structure of the grading of the laboratory phase of training

is provided in Figure 15. Estimated reliability for the six en route control

problems is .79 and .75 for the terminal control problems for students attendinc

the FAA Academy during the period June-December 1978.

The ATC laboratory training phase consists of six operational ATC problems

designed to replicate the non-radar air traffic control environment. 
Trainees

conduct identical control problems within a common air traffic control 
sector

using identical equipment and evaluation criteria for each ATC option. 
These

operational problems provide stimulus and decision-making conditions 
repre-

sentative of the job environment and require responses from the trainees 
in

terms of actions that are both possible and required to control air 
traffic

on-the-job with a minimm of restrictions. Students are given a series of

practice problems before each of the six graded problems as part 
of the

training and learning process. Each graded operational problem takes about

one hour and is scored by an instructor using established grading 
standards

for defined types of student errors or deficiencies. Additionally, each

student's performance is evaluated by the instructor on a rating scale 
of

40 to 100. Each problem is scored and evaluated by a different instructor.

After the operational problems, a Controller Skills Test 
(CST) is administered.

This test was designed to measure the application of knowledge and 
skills

taught during the first months of training. Three basic elements for evalua-

tion are distributed within the test: (1) Application of aircraft separation

standards--students must respond to control situations presented by flight

strips and charts; (2) responding to or forwarding information received
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which pertains to coordination of aircraft movement or information with other

controllers; and (3) other ATC control items such as board management, timeli-

ness of actions and phraseology. The CST is a 50-item multiple choice test

with an administration time of one hour. The correlation between the average

score on the six operational problems and the CST for this group of trainees
was .50 for those in the terminal option (N-454) and a correlation of .54 for

enroute students (N-473).

During the academic training of the ATC Laboratory Phase, a block test is

administered for each subject. A comprehensive knowledge test is also admin-

istered to measure the degree to which students have learned the academic

portions of ATC subjects taught during laboratory training. This comprehensive

phase test is administered prior to giving any operational laboratory control

problems. Figure 9 provides a breakdown of the ATC laboratory training and

the basis upon which a student's total score for this phase of training is

derived. Students must complete this phase of training with a total score of

70 or more to pass the FAA Academy and continue on-the-job training at

assigned ATC facilities.

Analytical Methodology. The first step in the analysis was the calculation of

descriptive statistics on the ATC trainee sample using those students who had

test and criterion data. It should be noted that the sample size was affected

by the lack of complete information on all variables particularly on CSC tests

24 and 157 where scores could not be retrieved from FAA or OPM records.

Multiple regression analysis was carried out using the experimental test battery

with and without OKT to determine the multiple correlation of the test battery

with "pass" or "fail" status of the trainees. Separate regression analyses

were conducted for the total group and for subgroups: men, women and racial

groups where subsample sizes warranted.

The selection utility of the test battery was examined to assess the impact

on training costs; impact on the sample of ATC trainees in terms of those who

would (or would not) have been hired if the test battery had been used for

selection decisions; and, an analysis of the pass/fail status of those who

would have been either eligible or ineligible for hiring based on tne test.
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FIGURE 15

COMPONENTS AND WEIGHTS USED IN COMPUl ING THE

FAA ACADEMY AtC LIABORAIORY IRAIN INC TOtIAL SCORE

**'xtra Credit Sixth 1t Extra Credit 2.

13.00 1, Pro 1 em ]nstructor Asscss:!:ent i. 90
Problem Errors 6.50""

**Instructor Fifth Extra Credit 2.60'

Assessment Problem Instructor Assessment 3. 90'
19.50 Problem Errors 6.50N

Fourth Extra Credit 2.60

Lay Average Problem Instructor Assessment 3.90
*65.0 Problem Errors 6.50'/

Third Extra Credit 12.f0

Problem Errors Problem Instructor Assessment 3.90'
32.50% Problem Errors 6.50'

Second Extra Credit 1.307
Problem Instructor Assessment 1.95,

Problem Errors 3.25"

First Extra Credit 1. 30'
Problem Instructor Assessment 1.95k

Problem Errors 3.257

Controller Skills Test 25.007

Comprehensive Phase Test 8.00%

Block Average 2.00%

*The lab average constitutp. 65% of the total score for this phase of

ATC training.

**On each lab problem the instructor gives a performance rating for that

problem that is averaged with the student's problem performance.

Since the ratinp is not Allowed to he below 40. essentially the student

is given a certain amount of extra credit in the computation of the

problem average. Each of the six problems is graded by a

different instructor.
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Results. The following discusses the analysis and iindings in terms of
the ATC sample used, the descriptive statistics, multiple regression, and
utility of the tests.

ATC Sample Used. As pointed out previously, the sample of 953 ATC trainees
was affected by the lack of complete information on all variables. As a
consequence, the total sample was not available for some of the analyses.
particularly the multiple regression. Table 87 provides a distribution of
the total ATC crainee sample (953) showing the number of trainees who had
data available for each of the variables.

TABI.!: 87
\VA ILABLEI 1)V\'/\ - 1 D A 78 A'I(: TRA 1NEI-: SAMI E

Statuis As MCAT 1
Predev. MCAT 2 CSC 24 Pass/Fail

Variables NonPredev. OKT CSC 157 Criterion

Sex Men 788 800 515 790Women 133 141 67 137

Total 921 941 582 92-7

IBlack 80 81 39 79
Rae 4LHspanic 23 23 7 23e /Asian 9 10 1 9

LOther 821 839 545 821Total 933 953 59-2 93-2

Availability of test scores on CSC 24 and 157 had the most impact on the
ATC sample which could be used in some of the analyses. Table 88 provides
a comparison of the means and standard deviations for tihe group of trainees
with CSC 24 and 157 scores, the group without, and the scores on those tests
common to both groups.

In addition to common test data, OPM Transmuted scores and Earned Ratings
were available for many of these ATC trainees. The Transmuted OPM score
is the score the trainee made on the present OPM test battery before additional
credit for veteran's preference or aviation-related experience is applied.
The Earned Rating is the total OPM score including extra credit for veteran's
preference and aviation-related experience. Table 88 provides the means and
standard deviations for these data. The data for the pass/fail criterion is
also provided. These data were examined for statistically significant
differences.
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TABLE 88
DESCRIPTIVE STATISTICS - CSC TEST SCORES

Total ATC Smaple C Smple IS. Test 1st. Iffl t

AXC SWle With CSC 24/157 Without CC 24/157 wsults sis

Cmon Tes s of of of
and Data Sean SD ( a SD sa M..e SD

MW 1 (953) 36.88 ( 7.12) (592) 37.07 ( 6.94) (361) 36.56 ( 7.40) t - 1.07 4 - .07

MCAT 2 (953) 42.59 ( 5.9) (592) 43.01 ( 5.87) (361) 41.90 ( 6.05)** t - 2.80 d - .19

Orr (953) 63.92 (15.64) (592) 63.23 (15.82) (361) 65.04 (15.31) t - -1.75 4 - .12

014 Score (T) (704) 87.51 ( 7.69) (591) 87.21 ( 7.62) (113) 89.08 ( 7.88)** t - -3.10 d - .24

011 (U) (651) 94.93 ( 5.66) (560) 95.07 ( 5.43) (111) 94.22 (6.61) t . J." 4 * .16

Pas/ail (_) (939) .63 ( .48) (585) .62 ( .49) (354) .64 C .48) s* - .62 h - .04

sO(p ( .01)

A t-test was performed to examine the significance of differences on the tests
and OPM scores. A z-test was used to measure the difference between the pro-

portions for pass/fail. The differences are not significant operationally.

A number of analyses were based on sex and race in addition to test scores.

Consequently, test scores on MCAT 1, MCAT 2 and OKT were examined for statis-

tically significant differences by race and sex between the ATC trainees with

CSC 24 and 157 scores and those without scores on the latter two tests.
Table 89 provides the results. The "Hispanics" and "Asian" groups were not
used because of the small sample numbers.

As shown in Table 89, group differences were not significant for the "Women"

or "Black" groups. Statistically significant differences were found for

the "Men" and "Other" groups where the sample sizes were large. However,
the estimated effect size in Table 89 are all below the Cohen's criterion (31)

for small.
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TABLE 89
MCAT ANALYSES BY S-E-X AND RACE

TOTAL ATC ATC SAMPLE ATC SAMPLE Sic. TEST EST. EMFCT

SAI]PLE WITH CSC 24/157 WITHOUT CSC 24/157 RESULTS SIZE

Group Too, -21 UNa Sm~ ean SD iQj1 s~e- SD

Men MCAT 1 (800) 37.4 ( 6.9) (515) 37.6 ( 6.6) (285) 37.0 ( 7.3)* t - 2.31 d - .09

MCAT 2 (800) 42.9 ( 5.8) (515) 43.3 ( 5.7) (285) 42.2 ( 6.0)e* t - 6.11 d - .19

MCAT TOT (800) 80.3 (11.25) (515) 80.9 (10.9) (285, 79.2 (11.8)* t - 2.46 d - .15

OKT (800) 64.9 (15.5) (515) 64.1 (15.8) (285) 66.5 (14.8) t - -1.85 d - .16

---- - -- ------------ --- ---- ---------- -----

W004n MCAT 1 (141) 34.1 (7.8) (67) 33.3 ( 8.0) ( 74) 34.8 (7.7) t - - .81 d - .19

MCAT 2 (141) 40.7 (6.4) (67) 40.7 ( 6.6) ( 74) 40.6 (6.3) t - .08 d - .02

IAT TOT (141) 74.8 (13.1) (67) 74.0 (13.3) ( 74) 75.4 (13.0) t - - .27 d - .11

OKr (141) 57.7 (15.1) (67) 56.3 (14.3) ( 74) 58.9 (15.8) t - - .38 d - .17

--- - ---------- .-.-.----------. ....- - - .----

Black MCA ( 81) 29.8 ( 7.9) ( 39) 29.7 ( 7.7) ( 42) 29.8 8.2) t - - .03 d - .01

MCAT 2 (81) 36.6 ( 6.8) ( 39) 36.3 ( 7.5) ( 42) 36.9 (6.1) t - - .26 d - .09

MCAT TOT (81) 66.4 (13.2) ( 39) 66.0 (13.9) ( 42) 66.7 (12.8) t - - .01 d - .05

01cr (81) 66.2 (13.1) ( 39) 65.6 (13.4) ( 42) 66.8 (13.0) t - - .14 d - .09

~~~~ ---- ----------- --------

Hispanic MCAT 1 (23) 37.1 (6.6) ( 7) 33.4 ( 6.7) (16) 38.8 ( 6.1)

MCAT 2 (23) 42.7 C7.4) ( 7) 40.1 ( 5.7) (16) 43.8 ( 8.0)

MCAT TOT (23) 79.8 (12.2) ( 7) 73.5 ( 9.5) (16) 82.6 (12.5)

Oat (23) 59.0 (20.0) ( 7) 60,4 (24.7) 16) 58.4 (18.4)

Asian MCAT 1 (10) 36.2 ( 4.7) ( 1) 31.0 ( -- 3 ( 9) 36.8 ( 4.6)

MCAT 2 C10) 43.2 ( 5.7) ( 1) 42.0 ( - ) ( 9) 43.3 1 6.0)

WCAT TOT 10) 79.4 ( 9.5) ( 1) 73.0 ( - ) (9) 80.1 ( 9.8)

OKT 10) 61.3 (13.7) ( 1) 86.0 ( - ) C_9) 58.6 __(11.2)

Other mCAT 1 (839) 37.6 ( 6.7) (545) 37.7 ( 6.6) (294) 37.4 (6.9) t - 1.25 6 - .34

MCAT 2 (839) 43.2 ( 5.5) (545) 43.5 ( 5.4) (294) 42.5 ( 56)* t . 6.25 d - .18

MCAZ TOT (839) 80.7 (10.8) (545) 81.2 (10.5) (294) 79.9 (1.l) t - 2.17 d - .12

Oar (839) 63.9 (15.8) (545) 63.1 (15.8) (294) 65.4 (15.5) t - -1.78 d - .15

* p(4.05)
-- p((.OI)

The question as to whether the two groups can be considered equivalent cannot

be answered definitely. However, the analysis supports the assumption that

they are, considering:

No group differences were found on four of the

measures (Table RF).

* No group differences were found for the "Women" or "Black"

groups.

Where group differences were found, the estimated effect sizes
were small.

Where group differences were statistically significant, they

were in a positive direction for MCAT, but a negative direction

for OKT. They do not consistently favor one group or the

other.

Table 90 shows the distribution of the total 953 ATC sample in comparison

to the ATC trainees (592) who had scores on all test variables by Prede-

velopmental and non-predevelopmental groups.
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TABLE 90

DISTRIBUTIONS-INITIAL AND REDUCED SAMPLES

Total ATC Sample ?tedevelopisellntai on-PTedevelopmentel

Initial Reduced Initial Reduced Initial Reduced

Sample Sample Sample _ Sample Sample SampleGup N 2 -N - N _ N _I N 2 N 2

Men 800 (85.02) 515 ( 88.5) 61 ( 55.52) 20 (51.32) 739 (88.92) 495 ( 91.22)

Womeo 141 15.0%) 67 C11.51) 49 ( 4.52) 19 48.7%) 92 C11.1%) 48 ( 8.8)

Total 941 (100.0%) 582 (100.02) 1-O (100.0%) 39 (100.0%) 831 (100.0%) 543 (100.0%)

Black 81 ( 8.5%) 39 ( 6.62) 55 (50.02) 24 ( 60.0%) 26 C 3.12) 15 ( 2.7%)

H.ispanic 23 ( 2.42) 7 ( 1.2Z) 12 (10.92) 3 ( 7.52) 11 ( 1.3%) 4 ( .72)

Asian 10 ( 1.12) 1 ( .22) 1 ( 1.02) - ( -- ) 9 C 1.12) 1 ( .2%)

ocher 839 (88.02) 55 92.0) 42 3f2 13 32.5!) 797 94.5%) 532 9b.42)

Total 953 (100.02) 592 (100.0) 110 (100.02) 40 (100.0) 84"3 (100.0%) 552 (100.02)

Descriptive Statistics. Of the total 953 ATC trainees, 582 men and women
and 592 trainees based on race had complete data on all test variables. The

next step was to compute a total weighted test battery score and descriptive

statistics using MCAT 1, MCAT 2, CSC 157 and CSC 24 for the total group;
those who passed the ATC training and those who failed or withdrew. In
addition, the number of students, means and standard deviations for the
Predevelopmental trainees (non-competitive appointments) and non-predevelop-

mental trainees (competitive appointments) are shown in Table 91.

At this point, OKT scores were excluded, the tests used were weighted as

follows:

2(MCAT 1) + 2(MCAT 2) + I(CSC 157) + l(CSC 24)

Weights were derived from the regression analysis which is discussed later.

TABLE 91

DESCR I ('TI VE STA' I ST CS-iWO DEVELOPMENTAL CATEGOR I ES

-, - -P L-271

_MU 91 1&2M 21 7W 12

(1,20) 23.0 (22.5) 119 34 . 2 (2s.:) (313) 247.2 (2 .9)
(34) 64.4 (2..92)) U2) 2 . (12.2 ( 7) 235.1 (29.9)

SLI.k ( 1 =) 34.0 .(1(.11 34) 196.5 (23.1) ( 39) 211.5 (28.2)
1 ) 2 .0 (27.3) ( 3 221.0 (12.2) f 7) 224.4 (24.2)

C (1) 222 .9 (- ) (() 1( ) (I) 23.0 -)
0.a (142) 324.7 122.7) (I94) 2W7.0 (27.6) (24)) 244.3 (23.9)

75.109 3 - ~ ) - ( - 1 (292) 242.4 (27.4)

N- (3l) 355.3 (22.4) (16) 233.7 (27,4) (499) 246.5 (2 .)

V 36) 244.& (22.6) 11) 233.3 (3.3) C 4) 241.4 (27.1)

01954 C 5) 234.2 (12.4) ( 9) 0.0 (16.7) 1IS) 214.3 (2.9)
219999.1 ( 2) 267.5 (10.6) C 2) 121.0 1 4.2) ( 4) 347.0 (21.7)

£5199C ( 2 222.0 1 - ) (-) - ( - 7 ( 1) 233.0 ( -
0194r (33) 224.9 (221.4) (194) 227.4 (37T.4) 1)2) 244.2 (22.9I)
?atal a C -- ) - ( ) (-) - ( ) (252) 24.4 (24.1)

8141 ( 7) 242.4 (34.6) (|12) 30.4 (27.3,| 30 3N ) 2.1 (23.0)
C 0 ( ) 34.3 (32.9) 4 (I) 30.9 (37.62 (19) 19.9 (21.2)

Slic 1 72 342.7 (14.9) ((7) (94.3 (22.4) C34) 20.7 (21.2)
31al ( 2) 322.0 (3.1) C I) 397.) ( 5 ) 1 5) 3(7.0 (10.)

4 (--) (--) (- -) ( ) (-) 1-)
09l94r ( 7) 342.7 (3.9) ( 4) 7. (20.3) (2) 24.3 (23.0)
SlackG. 7 (-2 - 1).9) (1 2 - ( -) 149) 2. 2 (12.22
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It should be pointed out that the total of passed and failed trainees in
some cases do not equal the number shown for the total group. For example,
the 320 men who passed and the 189 who failed is 509 compared to 515 shown
for the total group. This is a result of having 6 trainees in the total group

for whom information by sex was not available.

The means and standard deviations for this same group of ATC trainees were
derived, including OKT. The total weighted test battery score was established
as follows: '

2(MCAT 1) + 2(MCAT 2) + I(CSC 157) + I(CSC 24) + I(OKT)

Since the OKT is not intended for use in determining if applicants pass the
ATC test but rather as an alternative to the present OPM Rating Guide for
establishing extra credit for aviation-related knowledge, it was given a
weight of "I" in deriving the weighted total. The results are provided in
Table 92.

TABLE 92

EFFECT OF OKT WEIGHTS ON VARIOUS SAMPLES

TOTAL ATC TRAINEES

- -PASS .. FAIL ---- -TOTAL ---------

GROUP WAN E SDN) !M S .(Nl MAN sD

Men (320) 321.7 (25.6) (189) 294.0 (29.8) (515) 311.3 (30.3)

Women ( 34) 307.3 (28.5) ( 32) 275.2 (33.3) (67) 291.4 (34.5)

Black ( 12) 310.2 (18.0) ( 26) 26L.8 (28.7) 39) 277.2 (33.8)

Hispanic ( 4) 312.0 (34.3) ( 3) 272.3 (11.0) ( 7) 295.0 (32.8)

Asian (1) 319.0 ( - ) ( - ) -- ( -- ) i) 319.0 ( -- )

Other (345) 320.5 (26.3) (194) 295.2 (29.4) (545) 311.3 (30.0)

Total Group ( - ) - ( - ) C - ) - ( -- ) (592) 309.0 (31.4)

NON-PREDEVELOPNI'AL AIC TRAINEES

--- PASS .... .-... FAIL ---- -- -TOTAL

GROUP Wf MAN §D 29~ MA SM SM ?MA SD

Men (313) 321.6 (25.6) (176) 295.9 (28.6) (495) 312.2 (29.4)

Woman ( 26) 308.9 (29.0) (21) 218.4 (34.4) ( 48) 294.7 (34.6)

Black ( 5) 302.0 ( 8.2) ( 9) 259.9 (18.2) ( 15) 275.0 (24.8)

Rispanic ( 2) 321.0 (55.2) ( 2) 272.0 (15.6) ( 4) 296.5 (43.5)
Asian ( I) 319.0 ( -- ) (- ) (-- - ) (1) 319.0 ( - )

Other (388) 320.6 (26.0) (188) 295.6 (29.4) (532) 311.5 (29.8)

Total Group ( - ) - ( - ) ( - ) - ( - ) (552) 310.5 (30.3)

PREDEVELOPMDITAL ATC TRAINEES

PASS .-. FAIL . . .. ...- . TOTAL

GROUP MAN sD IA D PMA S

Men ( 7) 324.4 (27.8) ( 13) 268.7 (34.5) ( 20) 288.2 (41.7)

women ( 8) 302.3 (28.1) ( 11) 269.0 (31.6) ( 19) 283.0 (33.9)

Black ( 7) 316.0 (21.3) (17) 262.9 (33.4) ( 24) 278.4 (38.9)

Rispanic C 2) 303.0 (12.7) ( 1) 273.0 ( -- ) ( 3) 293.0 (19.5)

Asian (-) - ( -- ) ( - ) - (--) ( ) - ( -- )
Other ( 7) 315.4 (39.6) ( 6) 285.2 (29.0) (13) 301.5 (37.1)

Total Group ( . ) -- ( - ) ( - ) -- ( - ) (40) 287.0 (38.1)
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The difference in test performance between those who pass and those who

fail are consistent, for the total group and for the subgroups. For
example, the mean score (Table 92) for the pass group is consistently
above 300 while the mean scores for those who failed is consistently below
300. Generally there is a separation of about one standard deviation

between the mean scores of those who pass and fail for each of the subgroups.

For the total ATC sample, the smallest difference in mean scores is between

the "Other" fail group (295.2) and the "Women" pass group (307.3).

This pattern generally holds for the weighted test battery which excludes

OKT (Table 912. The most evident exceptions are the mean scores for the

"Men" and "Other" non-predevelopmental "fail" groups compared to the "Black"

pass group. However, the number in the Black group is small (5) and the
mean difference slight especially when compared to difference in the standard

deviations.

Intercorrelations and Multiple Regression Analysis. The next step was to

relate test results on parallel forms of MCAT and OKT together with CSC 24

and CSC 157 to the ATC Academy pass or fail/withdraw criterion.

Table 91 presents the intercorrelation of these tests for the total ATC

sample and for each subgroup by sex and race. The correlation of particu-

lar interest are those between the tests and the criterion. These

are zero order validity coefficients.
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It should be pointed out that these validity coefficients are for a re-
stricted population. Correction for restriction in range was not a concern
in this analysis since the objective was to compute regression equations

and determine the relative contribution of these variables for predicting
course pass/fail. However, Table 94 provides a comparison of these validity

coefficients with the restricted and unrestricted coefficients obtained for

the prior ATC sample of 1,827 trainees who attended the FAA Academy during

the period January 1976 - April 1978.

TABLE 94

VAILIDIT1ES - POTENT1Al. TEST BATTERY VARIABLES

ATC Traineeo* ATC Trainees**
Jan. 1976 - April 1978 June 1978 - Dec. 1978

Restricted Corrected Restricted
r r r

MCAT UP. (Z scores) .28 .53
9CA I (Raw scores) - .35
MAT 2 (Raw scores) - .37

CSC 24 .10 .34 .10
CSC 157 .07 .40 .18

OXT .22 - .25

5 Criterion : ATC Lab. Average Score (Z scores. See Tables 25 and 26)
• Criterion - A ade Training Pass/Fail (Lab. Training)

The restricted correlations were next used in multiple regression analysis.

The first regression analysis employed MCAT 1, MCAT 2, CSC 24 and CSC 157

as predictor variables. OKT was excluded since it is not intended as a

screening test for applicants. Each of the four tests were included in the

regression analysis in order to ascertain its contribution to the multiple

correlation coefficient (R). The results are shown in Table 13.

TABLE 95

REGRESSION ANALYSIS - FOUt, PREDICTOR VAR I ABLES

TOTAL
---- ATC SAMPLE- - ---- WOMEN-

(M-585) (N-509) (N-66)

Test Beg lt& R 
2  

Beta R R2 Beta

MCAT 1 .340 .121 .1832 .337 .114 .1800 .375 .140 .1430

WAZ 2 .405 .164 .2470 .400 .160 .2554 .412 .170 .2259

CSC 24 .405 .164 -.0109 .400 .160 -.0121 .419 .175 .0355

CSC 157 .416 .173 .0997 .406 .165 .0691 .523 .273 .3240

OTUR
(WRITE) - -- LC-
(14-539) (N-38)

Teat i i2 lt 
2~

NCAT 1 .292 .085 .1538 .565 .319 .4734

MCAT 2 .355 .126 .2294 .579 .335 .2016
CSC 24 .355 .126 -.0270 .640 .409 .2836

CSC 157 .368 .135 .0982 .689 .475 .2697
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Of the four tests, CSC 24 and CSC 157 contributed to the multiple correlation

coefficient for the "Women" or "Black" groups but made little or no contri-
bution for the total group as shown below:

Contribution to R

Group CSC 157 CSC 24

Men .006 --

Women .104 .007
Black .049 .061
Total .011 --

Other regression analyses were conducted for the total group which excluded

CSC 24; the multiple correlation and beta weights obtained were essentially
the same as those derived when CSC 24 was included.

In terms of the total group, the findings for CSC 24 are consistent with
results for other ATC trainee samples and ATC applicant groups. For the
sample of 1,827 ATC students (1976-1978) previously presented, the CSC 24
contributed least to the multiple correlation and had the smallest beta
weights (Tables 27, 28, and 31). For the ATC applicant group (1976-1977),
CSC 24 contributed least to passing the current OPM ATC test (Table 19).

However, since CSC 24 and CSC 157 do contribute to tht prediction of the
criterion for some of the groups, the decision was to include them in the
test battery for further analysis. Consequently, the weighted test battery

used in developing descriptive statistics and for examination of the tests
consisted of:

2(MCAT 1) + 2(MCAT 2) + I(CSC 157) + l(CSC 24)

Table 96 provides the results of the multiple regression analysis for the
four tests plus OKT. In this case, the order in which each test entered
the regression analysis was determined by its contribution to the multiple
correlation coefficient. As shown for each group, the tests entered in a
different order, especially in the case of "Women" and "Blacks."

TABLE 96

REGRESSION ANALYSIS-PREDICTOR VARIABLES AND 0KT
TOTAL

-- ATC S ..AW-L.- ---..-

(N-585) (N-509) (N-66)

Te.t 1 12 sets Test 1 12 bet Test 1 12 

HCAT 2 .374 .140 .2134 MAT 2 .369 .136 .2264 C 157 .403 .162 .2997

OU .629 .184 .2478 OK .421 .177 .2341 OT .531 .282 .3352

NCAT 1 .455 .207 .1547 MCAT 1 .448 .200 .1539 MCAT 1 .592 .351 .1294

CSC 157 .474 .225 .1398 CC 157 .460 .211 .1109 HCAT 2 .603 .363 .1873

CC 24 .477 .228 .0588 CC 24 .462 .214 .0530 CSC 24 .613 .376 .1199

(1-539) (N-38)

TeA 12 Xt. Test 1 &2 Seta

NCAT 2 .328 .108 .1924 MCAT 1 .565 .319 .3573

Oc2 .398 .58 .2583 CSC 24 .625 .391 .3360
CSC 157 .424 .180 .1397 OK? .698 .488 .3415

CAT 1 .438 .192 .1193 CSC 157 .744 .553 .2791
CSC 24 .4"0 .194 .0476 MCAT 2 .759 .576 .1974
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Table 97 shows, in summary, the multiple correlation coefficient (R) values
derived by group and the variance (R2 ) accounted for in the pass or fail/withdraw
criterion based on the restricted zero-order correlation coefficients (r).

'IABI.1' 97
[SUY.,\NY VA.LE! S - EEE:ttSSI0N ANMYSES

Test Test Battery

Battery And OK27

Group R R2  R R2

Total Sample .416 .173 .477 .228

Other .368 .135 .440 .194
Men .406 .165 .462 .214
Women .523 .273 .613 .376
Black .689 .475 .759 .579

Test Utility. The purpose of this analysis was to examine the practical
utility of the new ATC test battery, relate the findings to the information
obtained for the 1978 ATC Applicant Group and estimate the potential FAA
training investment costs which could be saved by using the new ATC test
for selection of applicants.

As previously noted, the weighted test scores for this sample of 585 ATC

trainees was based on:

WT I = 2(MCAT-1) + 2(MCAT-2) + I(CSC 157) + I(CSC 24)

However, for the 1978 ATC Applicant Group, only one parallel form of MCAT
was administered rather than the two which were given to this group of ATC
trainees. In order to be able to relate the two groups, the weighted ATC
test scores for the 585 ATC trainees were recomputed using only the first
MCAT administered and then weighting each of the tests on the same basis as
was used in the analysis of the 1978 ATC Applicant Group. The weighting
used was:

WT2 - 4(MCAT-1) + 2(CSC 157) + 1(CSC 24)

The total raw weighted scores were then transmuted for each trainee based on:

RWS - 222.27)
Ts = °'68( 56. + 70

as was shown with Table 77. Again, a transmuted score of 70 or above was
equated to "passing" the new ATC test for this ATC trainee group.
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In order to assess the difference between these two weighting factors (WTI
and WT 2), correlation coefficients were computed between the two weighted
scores on the ATC test battery and between these and the scores on the
present OFM test battery which were also available for the ATC trainees.
Table 98 provides the descriptive statistics and correlations.

TABLE 98

DESCRIPTIVE STATISTICS AND InRERRELATIONS, ATC-OPM TESTS

Test N Mean SD

OPM Score (Kaw) 591 262.0 23.31

ATC Test (WTI Raw) 592 245.6 27.57

ATC Test (WT2 Raw) 592 272.6 35.1

OPM ATC Score ATC Score

Score 2 W 2

OPM Score - .62 .65

ATC Score - WT1  - .93

ATC Score - WT2

Since the weighting used to examine the utility of the new ATC test batter,,

(UT2 ) has a similar higher correlation coefficient with the OPM test scores

(.65 compared to .62), the results should tend to be similar.

The mean transmuted score on the present OPM test battery for this group of
ATC trainees was 87.2 with a standard deviation of 7.6. Their mean transmuted
score on the new ATC test battery (WT ) was 79.6 with a standard deviation of
6.7. This lower mean score is consisient with the findings derived from the
1978 ATC Applicant Group which demonstrated that applicants who passed both
the present OPM test and the new ATC test, generally score lower on the ATC
test (see Figure 13).

For this sample of 585 ATC trainees, Table 99 compares the score distribution
for the present OPM test battery and the new AC test battery for the total
sample and for the Predevelopmental (non-competitive applicants) and Non-
predevelopmental (competitive applicants) groups. These are transmuted test
scores without Veterans Preference or aviation-related knowledge/experience
credit. The 585 ATC trainees for whom complete test and criterion data were avail
able represent 61 percent of the 953 attending the Academy during June through
December 1978. The 40 Predevelopmental trainees represents 36 percent of the
non-competitive hires; the 545 Non-predevelopmental trainees represent 65 percent
of the competitive hires.
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TABLE 99

SCORE DISTRIBLIrcONS-585 TRAINEE

TOTAL ATC TRAINEES

Present OPM New ATC
Score Test lest (WT2)

Range _i - N

95+ 121 20.7% 2 .3%
90-94 125 21.47 27 4.6.
85-89 133 22.67 98 16.8K
80-8 110 18.8. 161 27.6.
75-79 63 10.81, 147 25.1%
70-7 33 5.7. 102 17.4
"Pass" Test 585 100.0 53----T 9i.8'.
65-69 - -39'

60-64 - 8 8.2t

55-59 - _ I.I
"Fail" Test 0 - 4P

585 100.07 585 100.07.
Mean 87.2 79.6
SI) 7.6 6.7

NONPRIED. TRAINEES PREDEV. TRAINEES
(Competitive Hires) (Noncompetitive Hires)

Present OPM New ATC Present OPM New ATC
Score Test Test (Vr2) Test Test (WT-2)
Range N _ N % Ni .

95+ 11 21.87 2 .4% 2 4.6 0
90-94 122 22.4% 27 5.0% 3 7.0 0
85-89 129 23.7% 97 17.88% 4 9.3 1 2.57
80-84 101 18.5% 157 28.87 9 23.3 4 10.0
75-79 48 8.87 136 24.9% 15 37.2 11 27.57
70-7. 26 4.8% 90 16.57 7 18.6 12 30.07
"Pass" Tests 545 I _0 509 93.47 4-0 100.0 T 28 70.0
65-69 - - 31- -
60-64 - 5 6.6% - - 3 30.0%
55-59 - 0 6.61

"Fail" Test 0 36 0 - 12
545 100.0% 545 100.0% 4-0 100.0% 40 100.0.

Two significant points are evident from the data in Table 99.

First, 48 (8.2 percent) of the 585 ATC trainees, all of whom passed the
present OPM test for employment eligibility, would not have passed the new
ATC test and'therefore would not have been eligible for appointment as an
air traffic controller trainee. When the total group is further identified
by competitive hires from established OPM certificates (Non-predevelopmental) and
non-competitive hires (Predevelopmental) who were hired through alternate
recruitment procedures, other differences are apparent: (1) 30 percent of
the Predevelopmental Group would not have been eligible for appointment in
contrast to 6.6 percent of the Non-predevelopmental hires (this 6.6 percent
compares to 7.2 percent of the 1978 ATC Applicant Group who also passed the
OPM test but did not pass the new weighted (IT2) ATC test; and (2) 23 percent
of the Non-predevelopmental trainees scored 85 or above on the new ATC test
in contrast to 2.5 percent of the Predevelopmental group. These data provide
some further quantative insight into the descriptive statistics on the mean
score differences between these two groups which were identified in Tables 85,
86, 91, and 92. It should be pointed out that the trainees in this sample could
not score lower than 70 on the OKT and thus had to have higher scores.
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Second, the score distribution of these ATC trainees on the new ATC test is
markedly lower than on the present OPM ATC test. About 42 percent of the
total trainee group scored 90 or above on the present OPM test in contrast
to only 5 percent who scored this high on the new ATC test. In the Non-
predevelopmental group, 44 percent scored 90 or more on the OPM test compared
to 5.4 percent on the new ATC test. Of the Predevelopmental trainees, none

scored above 89 on the new test but almost 12 percent did on the OPM test.

These findings are consistent with the results obtained for the 1978 ATC appli-
cants where passing scores on the experimental ATC test were significantly
lower than on the OPM test.

Given this marked difference in score distribution between the OPM and the
new ATC test, the next step was to relate the scores on the present OPM and
new ATC test to the pass or fail/withdraw criterion. Test scores and criterion
data were available for 695 trainees for the OPM test and 585 trainees for
the new ATC test (WT2). The results are provided in Table WO. Again, these
scores do not include extra credit for veterans preference or aviation-related
experience or knowledge.

TABLE 100

DISTRIBUTION CQMPARTSONS-OPM AND NFA' AT2 TRMTS

ATC TRAINEES ATC TRAINEES
------------- OPM TEST ..... NEW ATC TEST (WT2) -----

ATC Trng FaIlIOZ ATC Trrg Fal IM)
Total Fail/WD Rate Total Fail/WD Rate,

Range N (Z) N %N (t) N

95+ 145 (20.0%) 33 22.8% 2 ( .3%) 0
90-94 148 (21.3%) 47 31.8% 2, ( 4.6%) 18.5%
85-89 156 (22.5%) 62 39.7% 98 (16.8%) 20 20.4%
80-84 131 (18.8%) 59 45.0% 164 (27.6%) 46 28.0%
75-79 76 (10.9% 38 50.0% 147 (25.1%) 62 42.2%
70-74 39 ( 5.6%) 22 56.,% 102 (17.4%) 52 51.0
below 70 0 - 0 - 4 ( 8.2%) 38 79.2Z

695 100.0% 261 37.6% 585 100.0* 223 38.1%

Table 100clearly identifies the difference between the present OPM test and
the new ATC test with regard to the percentage of trainees who successfully
complete the ATC training in each of the ATC test score ranges. For example,
with scores between 90-94 almost 32 percent of the OPM test group fail or
withdraw in comparison to only aboLt 19 percent of the group with test scores
in this range on the new ATC test. Of particular interest is the fact that of
the 48 ATC trainees who scored below 70 on the new ATC test, 79 percent did not
successfully complete the training.

Table 101 provides the score range distribution and failures/withdrawal rate
for the 585 trainees in relation to the new ATC test identified by Non-prede-
velopmental and Predevelopmental ATC trainees.
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TABLF 101

FAIIkTRE/AMITtR-:w1A RTE DIWTIPUTIONS BY DPTfIf)H! TY,'L C.YtTLX,(':'

NONPRED. AT( PREDEV. ATL
--- ------ T RA INEES .......... TRA E -N - -

New Fa I I/WI) F,i "W:,

AT" Test Tot0aI Fl I/WD Rat. Iota! Faill W) R.t.

Scor., Rande N N % % N N %

95+ 2 0 0% 0% 0 - 0%
90-94 .7 5 2.5% 18.5. 0 0 -

85-89 97 20 10.11 20.6 1 0 -0

80-84 157 46 23.1% 29.3% 4 0 -0

75-79 136 57 28.6Z 41.9% 11 5 20.8.

70-74 90 43 21.62 47.8% 12 9 37.52 75.u%
Below 70 3t) 28 14.1% 77.8% 12 1U 41.7% 63.3.

Total 545 199 100.0% 36.5% 40 24 100.0% 60.0%

These data focus attention on the 48 trainees who did not pass the new ATC
test battery and who would not have been eligible for appointment if
selections had been based on the new test. Of the 48, a total of 38 either
failed or withdrew from the training; a loss rate of 79 percent. For Non-
predevelopmental trainees the loss rate for this group was 78 percent and
for Predevelopmentals it was 83 percent.

This has a direct and important impact on both recruitment for the air traffic
control occupation and the cost of training for FAA. Had these 48 trainees
not been hired, the overall loss rate would be reduced from 38.1 percent to
34.4 percent and by Non-predevelopmental and Predevelopmental groups, from
36.5 percent to 33.6 percent axid from 60 percent to 50 percent respectively.

For each Predevelopmental trainee, FAA invests about $28,000 in salary and
training costs and about $10,000 in each Non-predevelopmental student by
the time their FAA Academy ATC training program is completed. For each
student who fails or withdraws from training, this investment is lost and a
new trainee has to be hired.

If the 38 trainees had not been hired based on their failure to obtain a minimum
score of 70 on the new ATC test, FAA's loss in training investment costs would
have been reduced by $560,000. Extending this for 2,000 new trainees entering
Academy training on an annual basis would result in a cost avoidance of about
$1,350,000 each year.

This projection of the cost avoidance utility of the new ATC test battery
addresses only the benefit obtained if ATC applicantswho scored below a
minimum of 70 on the new ATC test battery were not hired. The other signi-
ficant area where benefits could be obtained is to determine the difference
in the group of ATC applicants who would be hired under competitive selection
procedures with the current OPM test and the new ATC test with allowance of
extra credit for veterans preference and aviation-related experience or
knowledge.
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In order to examine these differences, the OPM Earned Rating which is
derived from the ATC trainee's score on the present OPM ATC test battery
plus additional credit for veterans preference (0 to 10 points) and credit
for aviation-related experience provided by the OPM Rating Guide (0-15
points), was available for 621 of the 843 Non-predevelopmental ATC trainees
in this sample. The 110 Pre-developmental ATC trainees who were appointed
non-competitively were not included in this analysis since extra credit
for veterans preference or aviation-related experience is not a factor in
their appointment eligibility; they need only to pass the OPM test battery
with a score of 70 or above. The "equivalent" of the OPM Earned Rating
using the new ATC test battery (WT2) and the ATC Occupational Knowledge Test
(OKT) was derived for the Non-predevelopmental (competitive hires) ATC
trainees. The 36 trainees who did not achieve a minimum score of 70 on the
new ATC test were excluded from the analysis since they would not have been
eligible for appointment. The "Earned Rating" for these trainees was based
on their score on the new ATC test plus additional credit provided for their
OKT scores as follows:

oKr Additional

Scores Points

80+ 15
75-79 10
70-74 5
65-69 3

The difference between the OPM transmuted score and the OPM Earned Rating
for each trainee was the additional credit given for veterans preference and
aviation experience based on the OPM Rating Guide. Since the veterans pre-
ference points were not separately identified in the total of extra credit
given in the OPM Earned Rating, it was not possible to specifically identify
those ATC trainees who were 5-point or 10-point veterans.

In order to derive an "equivalent" Earned Rating with the new ATC test which
would reflect extra credit for veterans preference and aviation-related
knowledge based on OKT scores, the following procedures were used:

OPM EARNED RATING (Mean a 95.1; N=540)
MINUS OPM TRANSMUTED SCORE (Mean - 87.2; N-591)

W TOTAL OPM EXTRA CREDIT (VI) (AVGV1 a 7.9 points)

IF: THEN:

V1 is less than 5 VET points * 0
OKT credit - 0, 3, 5, 10, 15

V1 = 5 VET points 5
OKT credit - 0, 3, 5, 10, 15

V1 - 10, 15, or 20 VET points - 5
OKT credit - 0, 3, 5, 10, 15

V1 is more than 20 VET points a 10
OKT credit a 0, 3, 5, 10, 15
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The net effect of this procedure would be a somewhat higher distribution of
"Earned Rating" scores for the new ATC test than would be the case if specific
veterans credit had been available for each ATC trainee.

Given these conditions, an estimated total Earned Rating could be computed
based on the new ATC test for 486 of the AIC trainees appointed competitively
(Non-predevelopmental) from OPM registers. The 48 students who scored below 70
on the new ATC Test were excluded from the sample. Table 102 compares the distri-
bution of these Earned Ratings to Lhe Earned Ratings for 621 trainees based on
the present OPM ATC test battery and Rating Guide. The 486 trainees for whom
estimated Earned Ratings could be computed using the new AIC test is a subsamDle
of the 621 trainees who had OPM Earned Ratings available.

TABLE 102

NON-PREDEVEIDPMENTAL ATC TRAINEES
(Competitive Hires)

Earned OPM Earned Est. New ATC
Rating Ratin Earned Rating

Score Range N ()

100+ 205 (33.02) 54 (11.i%)
90-99 314 (50.6%) 143 (29.4.)
80-89 99 (15.9%) 229 (47.1%)

70-79 3 ( .5%) 60 (12.6%)

Total 621 (100.0%) 486 (100.0%)

About 84 percent of the 621 ATC trainees had OPM Earned Ratings of 90 or
more. Since competitive selection from OPM registers requires hiring those
applicants with the highest Earned Ratings first, this distribution of OPM
Earned Ratings would be expected. However, the Earned Rating distribution
based on the new ATC test for the 486 trainees who are part of the sample of
621, is quite ditferent.

Only 41 percent of the trainees have Earned Ratings of 90 or above and almost
13 percent are below 80 as compared to less than I percent for the OPM Earned
Rating. Consequently, many of the ATC trainees with Earned Ratings below
90 on the new ATC exam would not have been hired competitively since other
applicants with higher ratings would have been selected in their place.

In terms of practical utility of the new AIC test battery and OXT, these
differences in Earned Rating score distribution are of significance only if
the pass or fail/withdraw rates also differ between the OPM and new ATC Earned
Rating. These differences are provided in Table 1o3.

TABLE 103

NON-PREDEVELOPENTAL ATC TRAINEES

(Competitive Hires)

OPM Earned Est. New ATC
Rating Earned Rating

Total Fail/WD Rate Total FaiIl/D Rate Diff.
Score Range N N 2 N N %

100+ 205 54 26.3% 54 6 11.1% -15.2%
90-99 314 122 38.92 143 33 23.12 -15.8%
80-89 99 47 47.5% 229 86 37.62 - 9.9%
70-79 3 2 66.6% 60 38 66.32 - .3%
Total 621 225 36.22 486 163 33.52
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It is clear from the data in Tablel03 that the probability of successfully
completing the ATC training program is greater in each of the Earned Rating
score ranges above 79 for the new ATC test battery.

It is evident-that an OPM register based on the new ATC Earned Rating would
result in hiring a somewhat different group of ATC trainees than was in
fact hired with the present OPM register. It is possible to relate the data
in Tables 102 :rid 101 to the 1--iI t , i obt:li ned I or the 1978 AI C Appl icmut (; rup

on both the current OPM test and the new ATC test. This information would
provide a basis for assessing the differences in selection of groups of
applicants and the potential effect of these selections on fail/withdraw
rates and on training investment losses.

The previous analysis of the 1978 ATC Applicant Group identified (Table 7hI
the Earned Rating score distribution of applicants who passed both the
present OPM test and the new weighted ATC test battery (WT ). If this group
of 621 ATC trainees had been hired from the group of 1978 ETC applicants based
on Earned Ratings obtained on the present OPM exam, the relationship would be
as shown in Table 104. For the 1978 ATC Applicant Group, the number in each
Earned Rating category in effect represents the OPM register from which applicart
selections would be made.

TABLE 104
PRO.IECTED EARNED RATI NCS - 1978 AIC TRA INEES

OPM Earned Rating
OPK Earned Qualified OPM Earned Rating

Rating Score 1978 ATC 1978 ATC Trainees "Selection"
Range Applicants (o petitve Hres) Ratio

N M a 2
100+ 229 ( 7.5%) 205 ( 33.0%) (89.5%)
90-99 644 ( 21.2%) 314 ( 50.6%) (48.83)
80-89 1086 ( 35. 8) 99 ( 15. 9) (9.1%)
70-79 1076 ( 35.5) 3 ( .5%) ( .3%)

Total 3035 (100.0%) 621 (100.0%) (20.5%)

The registers maintained by OPM for ATC applicants are by separate employing
jurisdictions. Consequently, each of the eleven FAA regions selects from its
own certificate of applicants based on the geographic preference identified
by the applicant and the Earned Rating. As a result, one region (Southern,
for example) may be able to fill all of their ATC recruitment needs from
applicants who have Earned Ratings above 100. Other regions (Alaska or
Great Lakes, for example) may recruit a number of applicants with Earned
Ratings in the 80's or even 70's. However, Tablel04 shows that essentially
all of the 621 ATC trainees scored 80 or above and, with a mean OPM Earned
Rating of 94.9 for the total group, selections were made in most cases from
the "top" of the registers with scores of 90 or more. The selection ratio
of 89.5 percent between the 205 1978 trainees and the 229 1978 applicants who
would have been available with Earned Ratings of 100 or more, is somewhat
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higher than typically experienced by FAA regions. Generally, of those

applicants offered ATC positions, about 80 percent are selected; the other

20 percent decline or are dropped from consideration because of medical

or security reasons.

The next step was to project the composition for a group of 621 ATC trainees

by their Earned Rating if they had been selected from a competitive register

derived from the new weighted ATC test exam including extra credit for veterans

preference and OK scores.

The number of 1978 ATC applicants in each Earned Rating score group derived

from the new ATC exam was used as the "selection register" as shown in

Table 105. This is the same distribution as previously provided in Table 7f,-.

A maximum selection ratio of 80 percent in each Earned Rating group was

used as more representative of actual selection experience. Since fewer

applicants have Earned Ratings of 90 or more based on the new ATC exam, more

selections would be made from among applicants with Earned Ratings in the

80-99 range. Based on these factors, the projected distribution of the 621

ATC trainees based on the new ATC exam would be as indicated in Table 105.

TABLE 105
PROJECTED EARNED RATING D1ST'IBLTIONS 1978 A1C APPL I CANTE

Qualified

Now ATC 1978 h.C Est. 1978 Selection

EA la g plcats ATC Trainees Ratio

Score M_ ( N E & M

to0 126 ( 4.02) 100 ( 16.12) (802)
90-99 402 ( 12.92) 322 ( 51.92) (80%)
80-89 1162 ( 37.32) 192 ( 30.92) (17%)
70-79 1426 (45.82 7 ( 1.2 -

Total 3116 (1o0.0o ) 6 (O10.02) (202)

With the OPM Earned Rating distribution for the 621 ATC trainees and a pro-

jected Earned Rating distribution based on the new ATC exam, the fail/withdraw

rates provided in Table 88 can be applied to each group to estimate the difference

in loss rates between them as provided in Table 106.

TABLE 106

DIFFERENCES IN LOSS RATE ESTIMTES BY TEXT EXAM1NATION

O1 Earned 1978 ATC atil/1) Now ATC Eat 1978 ATC Est. Fail/WD
Rating Trainees Rte Earned Traitres Rate
Scores N ( N .fl Rating Scores N f N

100+ 205 ( 33.02) 54 (26.32) 100+ 100 ( 16.11) 11 (11.12)
90-99 314 ( 50.62) 122 (38.92) 90-99 322 ( 51.92) 74 (23.12)
0-89 99 ( 15.9%) 47 (47.5%) 90-89 192 ( 30.92) 72 (37.62)

70-79 3 ( .5%) _2 (66.62) 70-79 7 J 1.12) _I
Total W21 (100.02) 225 (36.22) Total 621 (100.0%) 162 (26.1I)
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Table tO( demonstrates the potential utility of the new ATC exam in terms
of an overall reduction of the fail/withdraw rate of about 10 percent (from
36.2 to 26.1) for this sample of 621 ATC trainees.

With respect to FAA's training investment loss, projecting this reduction on
an annual basis for 1,800 ATC applicants hired through competitive selection
procedures would result in a cost avoidance of about $1,825,000 since signi-
ficantly more of the trainees should successfully complete the ATC training
program. By 'combining this with the $1,350,000 reduction in investment loss
resulting from not hiring those applicants who pass the present OPM ATC test
but fail the new ATC test, the potential cost avoidance which could be obtained
is in the order of $3,000,000 a year.
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UNIFORM GUIDELINES ON EMPLOYEE SELECTION REQUIREMENTS

The Uniform Guidelines (1i) jointly established by the Equal Opportunity Com-
mission (EEOC), Department of Labor (DOL), Department of Justice (DOJ), and
the Office of Personnel Management (OPM), provides four basic requirements
for selection .procedures in relation to equal employment opportunity. Basically,
these requirements are:

" to determine if a selection procedure has an adverse impact on
employment opportunities of minorities or women

* if there is an adverse impact, the need to validate the
selection procedure

" when empirical data demonstrates validity of the selection
procedure (that is, it is predictive of or significantly corre-
lated with important elements of job performance), the need to
examine the fairness of the selection procedure

" consideration and investigation of alternative selection pro-
cedures. Where two or more selection procedures which are sub-
stantially equally valid for a given purpose, the procedure
which has the lesser adverse impact should be used.

The various research studies which have been discussed encompassed a wide
range of selection considerations and devices both of a cognitive and non-
cognitive structure. The analytic methods applied combined new devices
with present OPM selection devices and evaluated their interaction with
various criteria of performance to identify those tests and procedures
which provided the highest relationship between selection procedure scores
and performance criteria which are functionally relevant to the air traffic
control occupation. Based on this, the requirements of the Uniform Guidelines
and other elements of EEO programs will be addressed in relation to the new
ATC exam and selection procedures derived from the research.

Adverse Impact. For enforcement proceedings, the Uniform Guidelines state:

"A selection rate for any race, sex or ethnic group which is
less than four-fifths (4/5) (or eighty percent) of the rate
for the group with the highest rate will generally be regarded
by the Federal enforcement agencies as evidence of adverse impact

This definition was adopted as a practical "rule of thumb" and not a legal
definition.

In the selection procedures for hiring applicants for the air traffic control
occupation addressed by this research, adverse impact can occur at two points
in the selection process. The first point is establishing basic eligibility
for employment consideration by successfully passing the test battery. The
second point is the Earned Rating score (including credit for veterans preference
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and aviation-related experience or knowledge) which determines the competitive
ranking of applicants who pass the written test.

The information base against which measures of adverse impact can be idectified
consist of the group of 5,976 applicants who took the present OPM and expet'i-
mental ATC test battery in 1978. Ethnic, race or sex data has not been obtained
by OPM for other groups of applicants.

For this group of 1978 ATC applicants, the relative selection (pass) rates by
race and sex on the present OPM ATC test battery is provided in Table .1)7.

Comparable data for the new ATC test (WT2) is provided in Table I0. Both
tables exclude any extra credit for veterans preference or aviation knowledge
since the purpose is to evaluate the relative rates of basic eligibility status
for the applicants. These selection rates identify the proportion of each sex
and race group who passed the selection test battery with a score of 70 or
more. Based on these rates, the 80 percent "rule of thumb" was applied to each
group in relation to the majority group selected to derive the "adverse impact
ratio" which would occur at this point in the selection process. IWhen this
ratio is less than 80 percent, the Uniform Guidelines state that this will
generally be regarded as evidence of adverse impact. The Guidelines also
point out that where the ratio is less than 80 percent, it may not constitute
adverse impact where: (1) the differences are based on small numbers and are
not statistically significant; or (2) where special recruiting or other programs
cause the pool of minority or female candidates to be atypical of the normal
group of applicants. Since these 1978 applicants include a "walk-in" group
resulting from special recruiting efforts for minorities and women, the adverse
impact analysis was done for the total group (including 664 "walk-in" applicants
and the "Scheduled Group" which would be representative of the normal pool of
applicants. TABLE 107

Adverse Impact Analysis
Present OPM Test Battery

.----Total Group------- ------ Scheduled Group-

Adverse Scheduled Adverse

Total 1978 % Who Impact 1978 X Who Impact
Group ATC Applicants Passed Ratio AC Applicants Passed Ratio

Men 4191 53 -- 3835 54% --

Wamne 1785 451 852 1473 46% 85%

5976 308

White 4067 64% - 3775 632 ---

Ulspanic 339 382 (592) 271 382 (601)

Black 1407 192 (302) 1116 18% (29%)

Aaian 57 61% 95% 50 56% 89%

Amer. Ind. 61 51% 80% 58 50: (792)
5931] 5300

TABT.E 108

Adverse Impact Analysis
Naw ATC Teat Battery (W 2 )

----- Total Group-------- -------- Scheduled Group------
Adverse Scheduled Adverse

Total 1978 2 Who Impat 1978 2 Who Impact
Group A"C Applicants Passed Ratio ATC Applicants Passed Ratio

men 4191 562 -- 3835 57% ---

Wmen 1785 432 (77) 1473 452 (782)

White 4067 662 - 3775 67% ---

Mispanic 339 41% (62%) 271 411 (612)

Black 1407 142 (212) 1116 14% (21%)
Asian 57 612 92Z 50 561 842
Amr. Ild. 61 532 802 58 532 (792)

3931 300
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The data on the preceeding two tables show that including the "walk-in"
applicant group has relatively little effect on the ratios derived. Generally,
there is only a difference of one percent between the Total Group and the
Scheduled Group except for Asians and here the number is quite small.

The present OPM ATC Test has an adverse impact on both the Hispanic and
Black Groups. In the light of past FAA experience in hiring minorities from
competitive OPM registers, this result is not unexpected but Table 107 11-, i,!t-
a quantative measure of the degree of adverset impact for these two groups.
Table 108 shows that the new ATC test also has some adverse impact on women
applicants in addition to the Hispanic and Black Groups and that the degree
of adverse impact on the Black Group is somewhat higher.

For American Indians, the addition of one or two more applicants to the "pass
group" would result in a selection ratio of bO percent or more on either the
OPM or ATC test. Consequently, evidence of adverse impact based on this sample
is not clear.

The analysis was also completed for those who passed the OPM and Weighted ATC
test to determine if there was adverse impact in each of three score range
groups. Candidates who pass the test battery are ranked on competitive OPM
registers based on their total score and those with the highest scores selected
first. This "Earned Rating", which includes additional points for veterans
preference and oKi credit, was used for the analysis. The results are provided
in Tables 109 (011M Tes t) and .110 (Weilhted ATC test).

TABLIE 109

ADVERSE IKPACT ANALYSIS
PRESENT OPM TEST BATTERY

WITH VETERANS PREFERANCE AND -XPERIENCE CREDIT

OPH OPM OP
Earned Rating Earned Rating Earned Rating

Total 1978 ----. 70 - 79 ----- 80 - 89 -- 90-- --
AXC Applicants
Wo Passed Adverse Adverse Adverse
OPH Test H Ratio Impact N Ratio mpact Ratio impact

Men 2236 718 32% --- 796 36% --- 722 32% ---
Wmen 799 358 45% No 290 362 No 151 19% Yes

3035 1076 1086 873

White 2556 831 33% --- 934 36% --- 791 31%
Hispanic 128 50 392 No 47 37% No 31 24%
black 264 161 61% Ho 77 292 26 10 Ye,
Asian 35 12 34% No 8 232 Yes 15 43. No
Amer. ld. 31 10 32% n 15 482 No 6 20%

3014 1064 1081 869
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i.\BI.I.I C ()
ADVERSE IMPACT ANALYSIS

NEW ATC TEST BA TEY (T"r,)
WITH VETERANS PREFERENCE AND EXPERIENCE CREDIT

ATC ATC ATC

Earned Rating Earned Racing Earned RatingTotal 1978 _ _ _ 70 - 79 -------. .- 89 .. .. - so .. . .- - 9

ATC Applicants
Who Passed Adverse Adverse Adverse
New AXC Test N Ratio Impact N Ratio Impact N Ratio Impact

Men *2348 951 402 --- 905 39 % -- 492 21% ---
Women 768 475 612 No 257 3.: No 36 52 Yes

3116 1426 1162 528

White 2698 1171 432 --- 1047 39% -- 480 182 --
Hispanic 136 76 562 No 39 292 Yes 21 152
Black 198 134 682 No 50 252 Yes 14 7% Yes
Asian 35 16 462 No 13 37% No 6 172 N.
Amer. Ind. 32 19 59% No 9 28 ? 4 13% ?

3099 1416 1158 525

While there is no evidence of adverse impact in the score ranges of 70-89 for
women, both the OPM test and the ATC test have adverse impact in the score
range of 90 or more. As identified earlier (Figure 8), a significant factor
is the extra credit granted for veterans preference and, to a lesser extent,
credit for aviation-related knowledge as measured by the Occupational Knowledge
Test (OKT). It is also evident that the Weighted ATC test results in a greater
adverse impact on women in the 90 and above score range than the present OPM
test. This is primarily a result of the fact that raw test scores for all
applicants are lower on the ATC test than the OPM test. However, relative to
men, women score lower on the Weighted ATC test. As shown in Tables 59 and
74, women comprise 27 percent of the group with raw scores ef 90 or more
on the OPH test but only 12 percent of this group on the Weighted ATC test.

In comparing racial groups on the two tests, Tables 109 and I10 show a "?" in
some of the score ranges. In these cases, the number of applicants is small
and the addition or subtraction of one or two applicants in the score range
would result in either meeting or not meeting the "80 percent rule of thumb".
Consequently, evidence of adverse impact is not clear based on this sample of
1978 ATC applicants.

It is clear that there is an adverse impact on the Black Group on both the OPM
and the ATC test in the score range of 90 or more. In the score range of 80-89
on the Weighted ATC test, and possibly on the OPM test, there is also an adverse
impact. Again, this is primarily a result of the fact that as a group, Blacks
who passed the test, score lower than the majority group.

In the case of the Hispanic Group, there is possibly adverse impact in the score
range of 90 or more on the OPM and ATC test but not in the range of 80-89 for
the OPM test.
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In terms of competitive employment opportunities, based on the present OPM
ATC test, between 80 and 85 percent of the appointments are generally made
from among applicants with Earned Ratings of 90 or more. Consequently,
employment prospects of applicants with scores in the 80-89 range would be
characterized as "poor" to "fair". Based on the Weighted ATC test, however,
about 40 percent of the applicants hired would have scores of 90 or more.
Consequently, employment prospects of applicants with scores in the 80-89
range on the ATC test would be "Pair" to "good" (Jb(2 102).

When the score range of 80 or more on the Weighted ATC test was examined,
there is an adverse impact for the women and Black Groups. For the Hispanic
and American Indian Groups the numbers are small and the addition of one
or two more applicants in the score range would meet the "80 percent"
criterion. The results are provided in Table 1l1

IABLE 11

ADVERSE IMPACT ANA;LYSiS
NEW ATC TEST BATTERY - SEX AND RACE

Total 1978 ATC
ATC Applicants Earned Rating

Who Passed 80 or More Adverse
Now ATC Test N Ratic lepac:

Men 2348 1397 60% ---
Women 768 293 38% Yes

3116 1690

White 2698 1527 57. ---
Rispanic 136 60 44%
Black 198 64 32% Yes
Asian 35 19 54% No
Aaerican Indian 32 13 41%

3099 1683

This analysis shows the Weighted ATC test has an adverse impact on women and
some minority groups with respect to both initial eligibility (in passing the
test) and by using the total scores, including extra credi% for ranking success-
ful candidates. In this situation, the Uniform Guidelines require evidence of
the validity of test, the basis for establishing the cutoff pass score and the
,se of scores for rank ordering of candidates.

Test Validity, Pass Score and Candidate Ranking. The validity of the new ATC

test battery as well as individual test components of the battery has been
demonstrated in relation to a number of ATC performance criterion measures.

In summary:

9 1977 .TC Study. For a sample of approximately 2,100 full
performance, developmental and newly hired ATC specialists,
MCAT, Directional Headings, Occupational Knowledge (OKT) and

the Prior Experience Questionnaire (PEQ) provided significant
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correlations (p L .01) with the Aggregate ATC Success criterion
for each of four ATC options (FSS, VFR, IFR and ARTCC) and for
all options combined (see Table 5). Tn addition, mean test
scores for each of the four ATC options were different at statis-
tically significant levels of confidence (p 1 .01) or (p !(= .35)
with the FSS option average score lowest and the ARTCC score
highest (see Table 6).

* 1976-1978 ATC Study. For a sample of 1,827 ATC trainees, experi-
mental forms of MCAT together with Abstract Reasoning (OPM 157)
and Arithmetic Reasoning (OPM 24) provided a multiple correlation
(corrected for range restriction) of .54 with the ATC laboratory
problem average score criterion (see Table 28). Cross validation,
using the weighted test scores derived from the multiple regression
provided a multiple correlation value (R) of .5381 for one sample
and .5292 for the other (see table 32). When test scores on the
Occupational Knowledge Test (OKT) were combined with the experi-
mental test battery (MCAT, OPM 157 and OPM 24), an estimated
multiple correlation value of .60 was obtained with the increase
significant at the .01 level of confidence.

* 1978 ATC Study. For a new sample of 585 ATC trainees, parallel
forms of MCAT together with the present OPM tests 157 and 24 pro-
vided a multiple correlation value (R) of .42 for the total sample.
The R values by sex and race ranged from .37 to .69 (see Table 95).
The criteria used was the pass or fail/withdraw status of the
trainee at the completion of ATC Laboratory training. Validity
coefficients (r values) used in the multiple regression were not
corrected for range restriction (see Table 94 ). When test scores
on parallel forms of OKT were combined with the weighted test
battery, the multiple correlation value for the total sample was
.48 with R values by sex and race ranging from .44 to .76 (see
Table 96. The increase in the variance (R2) accounted for by the
weighted test battery with OKT was significant at the .01 level of
confidence for the total sample and for each race group. For
women the increase was significant at the .05 level (see Table'7)

The utility of the new ATC test battery (as compared to the present OPM
battery) was examined with respect to appointment eligibility (pass scores)
and ranking of successful candidates based on total scores including credit
for veterans preference and ATC-related knowledge.

To do this, the information available for the 1978 ATC trainee sample was
related to the 1978 ATC applicant group. A common test battery, consisting
of parallel forms of MCAT, OPM 157 and OPM 24 was administered to both groups.
For the OKT, a 60-item test (101-C) was administered to the 1978 ATC applicant
group and parallel forms of OKT 102 (80 item) administered to most of the
1978 ATC trainee sample. The coamon test battery was weighted:

4 x MCAT Total Right Scores
2 x OPH 157 Total Right Scores
1 x OPM 24 Total Right Scores
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This weighting differs somewhat from the weights derived for the test battery
which included two parallel forms of MCAT for the 1978 ATC trainee group
(see page 114). However, the correlation coefficient between the two
weighted ATC tests was .93 (see Table 98).

In the analysis of the new ATC test battery, the passing score was set at
the mean raw score for the 1978 ATC applicant group (222.27). This was then
equated to a transmuted passing score of 70 (see Table 77). With this base,
equivalent scores on the same weighted ATC test battery were computed for
585 of the 1978 ATC trainees. A total of 48 ATC trainees (8.2 percent) failed
to achieve a score of 70 on the new ATC test. Of these 48 trainees, 79 percent
(38) failed the ATC Laboratory training or withdrew (see Tablel0n). Some 39
of the 48 trainees had scores in the 65-69 range and 9 scored below 65 (see
Table 99). The score range of 70-74 on the ATC test included 102 of the 585
trainees (17 percent). Of this group, 51 percent (52) failed or withdrew
(see Table ino). Consequently, use of the mean test score resulted in a 28
percent reduction in the fail/withdraw rates between the ATC trainees who
scored in the 70-74 range in contrast to those who scored below 70 on the
ATC test. The difference between a fail/withdraw rate of 51 percent in the
70-74 score range and a rate of 79 percent below scores of 70 clearly supports
the "cutoff" score developed in the analysis.

The use of scores on the ATC test, with and without extra credit for veterans
preference and ATC-related knowledge, as a basis for ranking successful ATC
candidates was also examined. Since extra credit is a selection consideration
only for those candidates who are appointed from competitive OPM registers,
the analysis included only those 1978 ATC trainees who were hired competitively
(Non-predevelopmental) and who scored 70 or above on the ATC test. On this
basis, 509 of the 585 trainees were included in the analysis.

For the ATC test battery without extra credit, Table 101 (the Non-predevelop-
mental ATC Group) shows that the fail/withdraw rate in each score range pro-
gressively decreases as the test scores increase. In the 95-100 range there
were no failures or withdrawals (only 2 trainees were in this range). In the
70-74 range, 47.8 percent failed or withdrew. The largest increase in the
fail/withdraw rate is between the 75-79 range (41.9 percent) and the 80-85
range (29.3 percent); a difference of 12.6 percent in the fail/withdraw
rate. Table 1i0combines the ATC test score ranges and provides the failure/
withdrawal rates for this sample of 509 trainees.

IABLE 1 12

1978 ATC TAINEES
ATC TEST SDRES

(W1THDUT ZEERA CRDIT)

Score FailIWithdrw
a-it N Fll/Withdrw Rat.e

90+ 29 5 17.21
80-89 25' 66 26.0!
70 79 226 100 64.22

Total 509 17-1 3376
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These data clearly show that ranking ATC candidates, based on their test
scores and selecting those with the higher scores first, will result in
hiring applicants with the highest probability of successfully completing
the ATC training program.

Ranking candidates based on total "Earned Rating" scores which include test
scores plus extra credit for veterans preference and ATC-related knowledge
based on OKT scores was examined next. From the sample of 509 ATC trainees
who were hired competitively, the equivalent of the OPM Earned Rating for
the ATC test could be computed for 486 trainees. Table I provides the
fail/withdraw rates by Earned Rating score ranges and compares these to the
rates based on the ATC test score ranges without extra credit.

'FABl.E 113

1978 ATC TRAINEES
(Non-Predevelouental--Copetitive Hires)

---- ATC Test T------ ----- AC Test------------
(Without Extra Credit) (With Extra Credit'

Fail tithraw FacI .:thdra.
Score Range N Fail/Withdraw Rate N Fail/1ithraw Rate

90 + 29 5 17.22 197 39 19.8%

80-89 254 66 26.0 229 86 3.b.

70-79 226 100 44.2% 60 38 63.3.

Total 509 171 33.6: 486 163 33.5t

It is evident from Table 111that ranking candidates for selection consideration
on the basis of the Earned Rating (which includes extra credit) also results
in selecting those applicants first with the highest probability of successfully
completing the ATC training. It is also evident that selection based on the
Earned Rating results in a higher fail/withdraw rate in each score range than
if candidates were hired solely on the basis of their test battery scores without
granting extra credit.

In deriving the Earned Rating score for this sample of 486 ATC trainees, extra
credit for veterans preference was included since it is granted by law. Extra
credit based on OKr test scores was included based on the positive and signi-
ficant correlations with ATC performance criterion used in the various research
studies.

Consequently, it was hypothesized that extra credit for being a veteran,
which has not been examined for validity with the criterion measures used in

the research, does not predict (or negatively predicts) success in the ATC
Laboratory training. In order to examine this, scores for the 509 ATC
trainees were computed which excluded any veterans credit and included only
the weighted ATC test battery score and extra credit for OKT scores.
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Table Ihprovides the score distributions for the group of 509 1978 ATC
trainees before and after the application of extra credit for air traffic

control related knowledge based on OKT points.
TABA 114

1978 AIC TRAINFS - FFECI OF EXTRA CRED!I'

---- 1978 ATC Trainees-- --- 1978 &TC Trainees..----

(Distribucion Uithout OK Credit) (Distribution vith OK Credit)

90. 29 5.7: 90+ 139 27.3Z

80-89 254 49.91 80-89 245 481.1

70-79 226 44.4% 70-79 125 24.62

Totl 509 100.0% Total 509 100,0

It is significant to note the addition of OKT points resulted in moving

110 of the ATC trainees to a score range of 90 or more--an increase of
about 22 percent. It also resulted in reducing the number of trainees

in the lowest scoring group (70-79) by 91--from 226 to 125--a reduction of

about 20 percent.

Based on the validity data previously established for the OKT, it would be

expected that those trainees who moved to the higher score ranges as a

result of OKT extra credit would have lower fail/withdraw rates and that

those who remained in the lowest score range would have higher fail/withdraw
rates. The comparison of the fail/withdraw rates in the three score ranges

for the 509 ATC trainees before and after applying OKT extra credit points

is provided in Table 115.

TABLE 115

1978 ATC TRAINEES FAIL/WITHDRAW RATES: EFFECTS OF OKT CREDIT

-- 1978 ATC Trainees---- 1978 A2C Trainees---

(Without OXT Credit) (With OK Credit)

Fail/ FIWD Fail/ F/ID

Withdraw RaeN Withdrav Rat e

90+ 29 5 17.22 139 19 13.7%

80-89 254 66 26.02 245 78 31.82

70-79 226 10 44.2 125 74 59.22

Total 509 171 33.62 509 171 33.62

Since the fail/withdraw rate for the total group of 509 trainees is a con-
stant (33.6%), the rates can only vary between the different score ranges
as shown in Table 115. In order to assess the effect of OKT extra credit
on the total fail/withdraw rate, one can assume a selection made from among
the group of 509 trainees. For example, if one were to hire 300 trainees
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from the 509 in rank order (highest score range first) with an estimated
selection ratio of 80 percent in each score range, the fail/withdraw rate
for the 300 hired before application of OKT extra credit would be 30 percent.
The fail/withdraw rate for the 300 selected after application of OKT extra
credit would be 25 percent. If only 100 of the 509 were selected, the
fail/withdraw rate for the group without OKT extra credit would be 24 percent
in contrast to 14 percent for the group with OKT credit. These data support
the conclusion that ranking applicants for selection consideration based
on test scores and OKT credit will result in hiring applicants with the
highest probability of successfully completing ATC training.

Table 116 shows the fail/withdraw rates for the 509 trainees based on (1) the
ATC test alone;(2) the ATC test plus OKT credit; and, (3) the ATC test plus
credit for OKT and Veterans Preference points.

TABLE 116

1978 ATC TRAINEES FAIL/WITTHDRAW RATES - EFFECT OF CREDITS

--AC Te~t --------- ATC Test-- ------- ATC Tet--

(No Extra Credit) (Plus OXT Extra Credit Only) (Plus OKT and Vet. Pref. Credt)

Score 2 Fail F/WD % Fail r/WD 2 Fail F!WD
Range Withdraw Rate N N Withdraw Pate N N Withdraw Rare

90 - 29 ( 6%) 5 (17.22) 139 ( 27%) 19 (13.72) 197 (41%) 39 (19.82)

80-89 254 (50%) 66 (26.02) 245 ( 482) 78 (31.82) 229 (472) 86 (37.6%)

70-79 226 (442) 100 (44.2%) 125 ( 25t) 74 (59.21) 60 (12%) 38 (63.3%)

Total 509 (1002) 171 (33.6Z) 509 (1001) 171 (33.6Z) 486 (100%) 163 (33.52)

The use of OKT credit resulted in moving 110 trainees into the 90 and above
score range compared to the ATC test alone. The number of fail/withdraws
increased by 14 for a rate of 13 percent for this group. When veterans
preference credit is also applied for 486 of the 509 trainees, an additional
58 trainees moved to the 90 and above score range and the number of fail/
withdraws increased by 20; a fail/withdraw rate of 34 percent for this group of
58 students. From the data presented in Table 116, granting extra credit for
veterans preference increased the fail/withdrawal rates in the higher score
ranges and therefore has a negative relationship to potential success in
ATC training.

Test Fairness. When empirical evidence of validity for a selection proce-
dure such as presented for the new ATC test has an adverse impact on a race,
sex or ethnic group, the Uniform Guidelines require examination of test
fairness where technically feasible.

In establishing the Uniform Guidelines on Employee Selection, it was recog-
nized there is serious debate on the question of test fairness. There are
several competing definitions of test or selection fairness, each of which
incorporates a different set of social values. Reference (32') provides an
analysis of three incompatible ethical positions in regard to fair and un-
biased use of tests together with differing statistical definitions of "test

fairness" and their relationship to specific ethical positions These three
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ethical definitions are characterized as:

*Unqualified Individualism

*Qualified Individualism

*The Quota Ethic

The General Accounting Office, in examining Federal selection tests and examina-
tions (33) stated with respect to these three definitions:

"The published literature on test validity indicates that most tests
are either fair to minority groups or slightly biased in their
favor by the second definition, (Qualified Individualism) which
according to OPM, is the only concept of fairness consistent with
merit system principles. The literature also indicates that by the
first definition, (Unqualified Individualism) tests are slightly
biased against minority groups, and if one subscribes to the last
definition (Quota Ethic) tests have always been biased against
minorities."

The "Qualified Individualism" definition of fairness adopted by the Office of
Personnel Management (OPM) holds that tests are biased when those with equal
chances of success on the job have unequal chances of being selected for the
job. This definition relies solely on valid measures of aptitude, achievement
and experience; maximizes productivity and provides equal opportunity consistent
with merit principles. The statistical mode, upon which the Uniform Guidelines
appear to be based, was stated by Cleary (33). Basically, this model requires
the regression line which predicts the criterion (e.g. performance) from "scores"1

be the same for all cultural groups and, absent this, separate regression lines
should be used as a basis for selection decisions. Statistical tests developed
by Gulliksen and Wilkes (34) provide a procedure which meets the (1-11", model.
Basically, three independent and sequential tests are involved:

(1) population variances (standard error of estimates) are equal
(non-significant differences), then,

(2) slopes of the population regression lines are equal (non-
significant differences), then

(3) intercepts of the population regression lines are equal
(non-significant differences).

If each of the three statistical tests is met, the regression lines are the same
and the "fairness" definition of "Qualified Individualism" is satisfied in that
scores"~ used for selection predict the criterion equally for the various groups

considered. On the other hand, if a statistically significant difference is
found at any point in the sequential analysis, the test is considered to treat
the groups unequally.
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In examining the new ATC test battery in accordance with the "Qualified
Individualism" model of fairness, test scores and criterion data obtained
for the sample of 953 ATC trainees attending the FAA Academy during
June 1978 through December 1978 were used in the analysis. The number of
Hispanics (23 total--7 with OPM test data) was too small for analysis.
There were no American Indians in this sample. There was no evidence of
adverse impact on selection of Asians with the new ATC test battery. Con-
sequently, the analysis for test fairness was completed with respect to
men and women or for White and Black groups.

Sample sizes varied depending on the availability of data on the two OPM
tests (OPM 157 and 24) included in the new ATC test battery. Test and
criterion data were available for the following ATC trainees (Table 117).

TABLE 117

DISTRIBUTIONS BY SELECTED SAMPLES

Men Women WhiLe black

(N4-800) (N4.141) (M-839) (N-81)
Sample Sample Sample Sample

Test N M N N

MCAT 1 790 137 828 79

MCAT TOTAL 790 137 828 79

OP 157 509 66 539 38

OK 24 509 66 539 38

In conducting the analysis of test fairness, the tests were weighted in
accordance with the values derived for the 1978 ATC trainees. These
weights are:

2 x MCAT 1 (Total Right Scores) MCAT Total x 2
2 x MCAT 2 (Total Right Scores))
1 x OPM 157 (Total Right Scores)
I x OPM 24 (Total Right Scores)

The test for significance for all analyses of fairness was the .05 level of
confidence.

Since almost all of the 1978 ATC trainee sample had test scores available
on the two parallel forms of MCAT, an analysis of fairness of the MCAT by
itself was completed. Table 118 shows the results for the first form of
the test administered (MCAT 1) and the total score for both forms (MCAT 1
plus KCAT 2) by race and sex. The test means and standard deviations are
based on raw test scores. Since MCAT was the only test used in this analysis,
the raw scores were not weighted. The criterion value is based on a mean of
"0" with a standard deviation of "I" and reflects, in effect, the percent
of trainees who passed the Laboratory training; the validity coefficient (r)
is the correlation value of the test with the pass or fail/withdraw criterion.
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In terms of sample sizes used in this analysis, the 137 women comprise
14.8 percent of the combined sample of men and women (927) compared to
15.7 percent of the 7,894 AIC trainees who were women hired from January
1976 through October 1980. The 79 Black trainees represent 8.7 percent
of the combined sample of the White and Black group (907) compared to
8.3 percent of the 7488 White and Black ATC trainees hired during this
same period (see Table 123).

For men and women, the test of fairness shows no significant differences
(NS). For the White and Black groups, the difference in the intercept of
the regression line, was statistically significant (SIG) for the first
MCAT test administered but differences in the standard error and the slope
of the regression line were not significant (NS). When the total scoresj
for both MCAT forms administered were analyzed, there were no significant
differences between the two groups. This analysis indicates that the total
MCAT scores predict the ATC laboratory pass or fail/withdraw criterion
equally for men and women and for the Black and White groups.

The next step was to develop different test battery combinations with the
MCAT test scores and OPM 157, OPM 24, and Oicr test scores and analyze
these various test batteries for significant differences between men and
women and the White and Black groups. The intercorrelations between the
various test combinations used and their correlation with the pass or fail/
withdraw criterion are provided for each group in Table 93. Since a number
of trainees did not have test scores on OPM 157 (and OPM 24), the sample
sizes were reduced as shown in Table )19. The correlations shown are based
On weighted test scores where appropriate using raw test battery scores (RS)
as well as transmuted scores (TS). The correlations which combine a test
battery with OKT use both the raw OKT score (RS) as well as 01(1 extra points
(PTS) derived from the raw OKT score (i.e., 0, 3, 5, 10, 15 points).

The descriptive statistics for the samples used in the fairness analysis are
also provided in comparison to the total sample for each group as was given
in Table 84.
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TABLE 119

TEST FAIFEIESS ANALYSES OF TEST BATTERY OPTION'S

-M-EN -O N ---------- -------

(Table 84 (Table 84
N MEAN SD N MEAN SD N MEAN SD N MEAN SO

MCAT 1 509 37.6 6.6 800 37.4 6.9 66 33.4 8.1 141 34.1 7.8

MCAT 2 509 43.3 5.7 800 42.9 5.8 66 40.7 6.7 141 40.7 6.4

MCAT TOT 509 80.9 11.0 800 -- -- 66 74.1 13.4 141 -- --

OPM 157 509 38.8 6.2 515 38.8 6.2 66 39.9 6.0 67 39.8 6.0

OPH 2'. 509 46.7 6.5 515 46.6 6.5 66 47.3 7.1 67 47.2 7.1

OKT (RS) 509 64.1 15.8 800 64.9 15.5 66 56.5 14.4 141 57.7 15.1

------------------------------------------ MEN ------------------------------------------------------
(N-509)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (LI) (12) (13)
(TS)

(TS) MCAT MLAT

MCAT HCAr MCAT TOT. MCAT Tur,
MCAT MCAT TOT. ToT. TOT. 157 TOT. 157
TOT. TOT. 157 157 157 24 157 24 Piss

MCAT OPM OPM OKT 157 157 OKT oicr 24 OKT 24 OKT Fail

TOT. 157 24 (RS) (RS) ( (S) (PFS) (RS) (RS) (TS) s WID

(1) MCAT TOT. --- .24 .33 .03 .97 .97 .83 .82 .95 .86 .95 .82 .3m

(2) OPM 157 --- .09 -.16 .48 .48 .32 .32 .45 .32 .45 .30 .1()

(3) OPM 24 --- -.23 .32 .32 .14 .15 .53 .35 S3 .33 .12

(4) OKT (RS) --- -.02 -.02 .54 .44 -.07 .46 -.07 .41 . 1

(5) MCAT TOT + 157(RS) --- 1.00 .83 .83 .97 .86 .97 .82 .38

(6) 4CAT TOT + 157(TS) --- .83 .83 .97 .86 .97 .82 .38

(7) MCAT TOT + 157 + OKT(RS) --- .94 .78 .98 .78 .92 .4.

(8) MCAT TOT + 157(TS) + OKT(PTS) --- .78 .92 .78 .98 .44

(9) MCAT TOT + 157 + 24(RS) --- .85 1.00 .82 .37

(10) HCAT TOT + 157 + 24 + OKT(RS) --- .85 .9. .4.

(11) HCAT TOT + 157 + 24(TS) --- .82 .37

(12) HCAT TOT + 157 + 24(TS) + OKT(PTS) --- .44

(13) Criterion (Lab Pass or FIWD)
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T AI" 111) (ContinuJ) f

(I) 2) J) k ( ) t ) k, ) ( ) ~ ) ( 1 .) ( t

(TS)
(T!) K AT MLAT

M( At H(.Ar HCAL TOT. MLAT TO F

HNAT HCAI TOT. TO I. lT. 157 TOT. 157

TOT. TOT. hS7 157 157 24 157 24 Pdb

"C/T OPM OPm OK Ia I5) OKT )Kf 24 OKT 24 OKT laxi

WOT. 057 24 (R,) (R5.) S) (S ~j) (S (KS) (TS) irl WI) "D

(1) NCAT TOT. .2) .U .17 )8 .96 .8 9 . .4S .89 .95 .90 ..3

(2) OPM L57 --- ., .Ob 36 .'] 3 .4,3 .- .43 .35 .,

)OPI 24 .. ... u.O O6 -O .0 .21) .i5 .29 .20 .0b

(4) OKT (RS) --- .11 .17 .56 .41 .11 .51 .11 .37 .31

(s) mCAT TOT + 157(RS) --- 1.00 .91 .93 .97 .91 .97 .91 .39

(b) NCAT TOT + 157(TS) --- .91 .93 .97 .91 .97 .91 .39

(7) NCAT TOT + 157 + OKT(RS) --- ._3 .86 .98 .86 .92 .4 b

(8) NCAT TOT + 157(TS) + OKT(PTS) ... .89 .95 .69 .98 .41

(9) KCAT TOT + 157 + 24(S) --- .91 1.00 .92 .39

(10) WCA TOT + 157 + 24 + OKT(RS) --- .91 .95 .47

(11) NCAT TOT + 157 + 24(TS) 
--- .92 .39

(12) MCAT TOT + 157 + 24(TS) + OKI (FTs) 
--- .,2

(13) Criterion 
(Lab Pass or 

F/WD)

----------------- . HITE ...................................- BLACK ----------------

(Table 84 (Table 84

N MEANd SD N ME.AN SD N KEAN SD N MEAN SD

"CAT 1 539 37.7 6.6 839 37.6 6.7 38 29.7 7.8 81 29.8 7.9

NCAT 2 539 43.6 5.5 839 43.2 5.5 38 36.1 7.5 81 36.6 6.8

C/AT TOT 539 81.2 10.6 839 -- -- 38 65.8 14.0 81 -- --

OPN 157 539 39.1 6.2 54.5 39.1 6.2 38 35.4 6.1 39 35 .3 6.1

0PM 24 539 46.8 6.6 545 46.9 6.5 38 44.7 6.6 39 44.2 7.1

OKT (AS) 539 63.1 15.9 839 63.9 15.. 38 65.5 13.6 81 66.2 13.1
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TABI 119 (Cnntauc.d

------------ ---- ----------- WHITE ----------------------- ---------------------------
(N-53 )

(4) (TS)

(TS) K AT MLA1

M( AT mCAr HCAI TuT. MCAT To

CILAT MAI TOT. TOT. TO". 5" TOT. 15)

TOT. TOT. 157 1 7 15 24 15 7 4 IMCAT ,,+" oPM, oKT 157 15 7 tes oJ 2.:

T'll )57 2. (K) ) kT ) (ETh,) (K) K) (S) 1

( ) MCAT TOT. --- .2 ., . 7 .97 .97 .83 .82 .Ys, 85 ..8.8 J3

-. I .48 .48 .31 .32 .45 .3- -e5 .31 ...,

(2) OPM 157
-3) OPI- 2 . 4 .28 .28 .09 .10 .50 .31 .50 .30 .0-,

... .03 u3 .58 .4b -.03 .50 -.0 .-. .23
(. ) UIC (RS)j

(5) MCAT TOT + 57(KS) --- 1.00 .b3 . , .97 .8b .'97 .2 .3-

(b) mCAT TOT +" 157(TS) 
--- .83 .82 .97 .Sb .97 .82 .34

(7) WCAT TOT + 157 4. O (IS) 
.. .94 .77 .98 .77 .92 .41

(8) NCAT TOT + 157(TS) + OKT(PrS) 
.. .77 .92 .77 .98 .40

(9) ( AT TOT + 157 * 24(RS) 
--- .85 1.00 .61 .3Z

(10) WM TOT + 157 + 24 + oK'r(RS) 
--- .85 .94: .4i

(11) NCAT TOT + 157 + 24(TS) 
--- .81 .33

(12) mCAT TOT * 157 4 24(TS) + OKT(PTS) 
--- .40

(13) Criterion (Lab Pass or F/WD)

----------------------------------- BLACK -----------------------------------------------------------
(1-38)

(1) ( ) ( ) ( ) (5) ( ) (7) (8) ( 9 ) (0O) (11) (1.) ( 3

(TS) MCAT M( k:

MCAT MCAC PICAI TOT. M(AT T(,
MCAT HCAT TOT. TOT. TOT. 157 TOT. 157
TOT. TOT. 110 157 157 24 157 24 P.s6s

MCAT OPM OPm OFT 151 15? OKT Olcf 24 OI 24 OKT Fill

TOT. 157 24 (RS) (RS) (TSS) ( (S) (RS) (KS) (TS) [IZL15.. .. D

(1) HICAT TOT. --- -.28 .17 .27 .98 .98 .90 .92 .96 .91 .96 .91 .60

(2) OP 157 --- -.11 -.11 -.06 -.06 -.10 -.18 -.09 -.12 -.09 -.19 .07

(3) OP 24 --- -.09 .15 .15 .08 .09 .37 .27 .37 .25 .35

(4) OKT (ILS) --- .25 .25 .62 .49 .22 .58 .22 .47 .24

(5) CAT TOT + O7(KS) --- 1.00 .92 .92 .97 .91 .97 .90 .64

(b) wCAT TOT + 157(TS) --- .92 .92 .97 .91 .97 .90 .64

(7) PICAT TOT + 157 + OMT(RS) --- .95 .88 .98 .88 .93 .62

(8) CAT TOT 4 1S7(TS) + OKT(PTS) --- .89 .94 .89 .99 .61

(9) CAT TOT + 157 + 24(RS) --- .92 1.00 .91 .68

(10) mCAT TOT 4. 157 + 24 . OKT(RS) --- .92 .95 .67

(ii) NCAT TOT + 157 + 24(TS) --- .91 .68

(12) NCAr TOT + 157 + 24(TS) + OKI(FI.) --- .64

(I)) Criterion (Lab Pama or F/WD) 144 "



The first test battery analyzed for fairness consisted of MCAT Total and
OPM 157 raw scores. In this analysis, MCAT Total was weighted by "2" and
OPM 157 weighted by "1" in accordance with the weights previously derived.
Then the OKT raw scores (weighted "1") were combined with the MCAT and
OPM 157 raw scores and this combination separately evaluated. The results
for each sex and race group are provided in Table 120. It should be noted
that at this point, a "passing" score for the combined MCAT and OPM 157
test scores was not established. Consequently, the addition of the OKT raw
score was independent of whether or not the ATC trainee "passed" the MCAT/OPM
157 test battery and also independent of extra credit points (0, 3, 5, 10, 15)
which would be derived from the raw OKT scores.

The combination of MCAT and OPM 157 raw test scores show that this test
battery predicts the ATC laboratory pass or fail/withdraw criteria equally
for men and women and for Black and White groups. The same results were
obtained when MCAT, OPM 157 and OKT raw test scores were analyzed separately.

Use of raw scores in analyzing the test battery comprised of MCAT, OPM 157
and OKT does not take into account the proposed use of OKT in the selection
process. Since OI is a job specific test, it is not intended for use in
the initial "pass/fail" determination of appointment eligibility for ATC
applicants. Its use would be limited to determining if those applicants
who passed the test battery (in this case MCAT and OPM 157) would also be
given extra credit for air traffic control related knowledge as measured by
OKT. Further, the amount of extra credit (0, 3, 5, 10, 15 points) would be
based on the raw OKT score with no credit for raw scores below 65 and maximum
credit (15 points) for raw OKT scores of 80 or above.

In order to evaluate the fairness of a test battery in combination with OKT
in relation to its intended use, it is necessary to (1) establish a "passing"
score on the test battery for an ATC applicant group, (2) transmute the
raw test battery score in relation to the passing score, and (3) add the
appropriate extra credit points based on OKT raw score for those who passed
the test battery.
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In order to transmute the total raw score for the ATC trainee sample, it was
necessary to estimate the mean score which would have been obtained by an

ATC applicant .group on the ATC test battery and equate this mean score to

a passing score of 70. Fortunately, the tests used in the analysis of the
ATC trainee sample were identical to the tests taken by the 5,931 ATC appli-

cants in 1978 except for the second form of MCAT which was not administered

to the ATC applicants. Consequently, given the mean scores on each test

which were available for both the ATC trainees and the ATC applicants, it is
possible to estimate a mean for the ATC applicants on the second MCAT form.
By combining this estimated mean for "MCAT 2" with the actual mean scores

obtained by the ATC applicants on the other tests and weighting them, an
estimated mean score of 161.2 for the 1978 ATC applicant group on a test

battery comprised of MCAT Total and OPM 157 was derived as shown below:

1978 1978

ATC Applicants ATC Trainees

MEAN x WT. -TOTAL MEAN x WT. = TOTAL

MCAT 1 30.6 2 61.2 36.9 2 73.8
*(MCAT 2 35.6 2 71.2) 42.6 2 85.2

OPM 157 28.8 1 28.8 38.8 1 38.8
Est. Mean Raw Score 161.2 197.8

(1) ATC Applicant Mean - MCAT 1 30.6 829
ATC Trainee Mean - MCAT 1 36.9

(2) ATC Trainee Mean - MCAT 2 42.6
ATC Trainee Mean - MCAT 1 36.9
Difference 5.7 (6.0)

*(3) Est. MCAT 2 Mean for Applicant Group - 35.6
(6.0 x .829 - 5.0 + 30.6 - 35.6)

Since the correlation between the two differently weighted ATC tests for

the ATC trainee sample was .93 (Table 98), an estimated mean score for the

ATC applicant group of 159.5 was also derived using the ratio of the mean

scores for the 1978 applicant and ATC trainee groups for the common weighted

tests as shown on the next page.
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MEAN

(1) Actual Applicant Group Mean (N - 6000)
(4 x MCAT 1 + 2 x 157) 181.6 (Table 43)

(2) Actual Mean ATC Trainee Group (N - 592)
(4 x MCAT 1 + 2 x 157) 225.2 (Table 69)

(3) Actual Mean ATC Trainee Group (N - 592)
(2 x MCAT 1 + 2 x MCAT 2 + I x 157) 197.8 (Table 69)

(4) 197.8 X 159.5 Est. MEAN for Applicant Group on ATC Test Weighted

225.2 x 81.6 (2 x MCAT 1 + 2 x MCAT 2 + 1 x 157)

Given these two estimated mean scores for an applicant group on the ATC test
battery comprised of MCAT and OPM 157, a mean value of 160 was used as a
"passing" score and equated to a transmuted score of 70. The total raw
weighted scores for each ATC trainee on MCAT and OPM 157 were then transmuted
by:

(RS - 160) x 30
MAX RS - 160 + 70

RS - Total weighted raw score
MAX RS - 255.0
MEAN RS - 160.0

An analysis of fairness was completed using the obtained transmuted test
battery scores for the ATC trainees. A separate analysis was completed using
the transmuted scores plus extra credit points (0, 3, 5, 10, 15) derived
from OKT raw scores for those ATC trainees who "pass" the test battery with
scores of 70 or more. The results are provided in Table 121.
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The combination of transmuted test battery scores for MCAT and OPM 157 plus

extra credit points for air traffic control related knowledge based on OIr

scores replicates the operational use of the selection tests. The analysis

of fairness provided in Table 121 shows that this test battery including

OKT, predicts the ATC laboratory pass or fail/withdraw criterion equally for

men and women and for Black and White groups.

The final step in the fairness analysis was to examine the entire test battery

comprised of MCAT, OPM 157 and OPM 24 with and without extra credit for air

traffic control related knowledge based on OKT scores. The results are pro-

vided in Table 123. In order to add OK extra credit points, it was again

necessary to transmute the total raw score for MCAT, OPM 157 and OPM 24 and

to establish a passing raw score which was equated to a transmuted score of

70 as shown below:

1978 1978

ATC Applicants ATC Trainees

TEST MEAN x WT - TOTAL MEAN x WT = TOTAL

MCAT 1 30.6 2 61.2 36.9 2 73.8
*(MCAT 2 35.6 2 71.2) 42.6 2 85.2

OPM 157 28.8 1 28.8 38.8 1 38.8

OPM 24 40.6 1 40.6 46.6 1 46.6

Est. Mean Raw Score 201.8 244.4

*See page 143 for derivation of estimated mean score for MCAT 2.

Again, an estimated mean raw score for the applicant group was derived using

a ratio method as follows:

(1) Actual Applicant Mean (N - 6000)

(4 x MCAT 1 + 2 x 157 + 1 x 24) - 222.3 (Table 62)

(2) Actual Mean ATC Trainee Group (N - 592)

(4 x MCAT I + 2 x 157 + 1 x 24) - 272.6 (Table 83)

(3) Actual Mean ATC Trainee Group (N a 592)

(2 x MCAT 1 + 2 x MCAT 2 + 1 x 157 + 1 x 24) = 245.6 (Table 83)

(4) 245.6 X 200.3 Est. Mean for Applicant Group on ATC Test

272.6 222.3 Weighted
(2 x MCAT 1 + 2 x MCAT 2 + 1 x 157 + 1 x 24)

Given these two estimated mean scores for an applicant group (201.8 and 200.3)

on the ATC test battery comprised of MCAT, OPM 157 and OPM 24, a mean value

of 200 was used as a "passing" score and equated to a transmuted score of 70.
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The total raw weighted scores for each ATC trainee on MCAT, OPM 157 and
OPH 24 were then transmuted by:

(RS - 200) x 30 ) + 70
Ts ( MAX RS -200

Rs  Total weighted raw score

MAX RS - 306

MEAN RS = 200

Table 122 shows the results of the fairness analysis on this ATC test battery
(for both raw and transmuted scores) and for the ATC test battery transmuted
scores in combination with extra credit points based on OKT for those trainees
who scored 70 or more on the test-battery.

As shown in Table 122, there were no significant differences on the ATC test
battery between men and women. However, the addition of OPM 24 test scores
(Arithmetic Reasoning) to the scores of MCAT and OPM 157 resulted in the esti-
mated standard error (population variances) between the Black and White groups
being statistically significant. The statistical tests developed by Gulliksen
and Wilkes (34) require that if a significant difference is found at any of
the three steps in the analysis, no further tests are made since the regres-
sion lines used for predictions are, by definition, unequal.
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The fact that the regression lines for the White and Black groups are statis-
tically unequal, by itself, does not identify the practical implications for
a selection procedure. Under the Cleary model of test fairness, if tests are
"biased" (unequal), an alternative solution is to use the separate regression
lines for selection decisions. This solution, however, explicitly introduces
race, sex, or ethnic group (in this case race) as a predictor in the selection
process. This is incompatible with the ethical position of "Qualified
Individualism" and law

In these circumstances, a single regression line derived by combining the
groups typically has been used as the basis for selection procedures. The
effect of this is to "overpredict" the criterion (e.g., performance) for
that group which scored lower on the test and had a lower mean on the cri-
terion measure (2.In the analysis of this ATC test battery, use of a
single regression line obtained by combining the White and Black groups (or
the total sample) would "bias" the selection procedure in favor of the Black
group. This result conforms with the general findings in the published
literature referred to by the General Accounting Office in their review of
Federal selection tests (10

Table 122 also shows that when extra credit points based on OlT are added to
the transmuted scores for this ATC test battery, there were no significant
differences between men and women or the Black and White groups. While
this indicates that the combination of the test battery and OKT points pre-
dicts the ATC laboratory pass or fail/withdraw criterion equally for all
groups, the test battery itself would be used to establish initial appoint-
ment eligibility for applicants. The fact that addition of OKT points results
in equal treatment for those who pass the test does not adequately address
the unequal treatment resulting from the use of QPM 24 under the Uniform
Guidelines. Given that OPM 24 results in unequal prediction of the pass or
fail/withdraw criterion between the White and Black groups, it should not
be used as part of the ATC selection battery. From a practical viewpoint,
the exclusion of OPM 24 has essentially no impact on the multiple correla-
tion or the predictive value for the total group or for men and women since
its contribution to the prediction of the performance criterion is very
small (see Tables 9 ;Hid 96).

Alternative Selection Procedures. During the course of these research studies,
a number of alternative instruments of a cognitive and non-cognitive structure
were examined. The 1972, 1977, an4 1978 studies of full-performance, develop-
mental, and trainee air traffic controllers examined the relationship between
non-cognitive instruments (including biographical data and personality tests)
and performance criterion. Use of biographical data as an alternative
selection procedure was examined in some depth.

In May 1979, the FAA proposed to the Office of Personnel Management (OPM) a
demonstration project under the Civil Service Reform Act that addressed
recruitment and selection of women and minorities in the air traffic control
occupation ( 5)- This proposal involved a 5-year period during which approxi-
mately half of the new ATC hires (750) in the FAA Southern region would be
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selected in nonregister order as a control group and the other half (750)
selected in the regular manner from the OPM register to form a noncontrol
group. Candidates in the Southern region would be given a detailed multiple
choice biographical questionnaire and "profiled" on relevant life experience
dimensions and grouped into life profile clusters. The life profiles would
then be used as an alternate means for ranking and selection of candidates
for the control group. Success in ATC training would then be evaluated for
both the control and noncontrol groups as a means validating the alternative
selection procedure ,I-

After review of the proposal and the biographical questionnaire, OPM pointed
out a number of concerns on "Job Relatedness", Privacy, "Subjectivity", and
"Public Relations" for most of the questions included in the biographical
form (36). On December 4, 1979, the Deputy Director, OPM, suggested the use
of numerical scores based on "life profiles" derived from empirical data
established from validity studies. It was also pointed out that the "job
relatedness" issue presented a difficult problem because of practical and
legal requirements ( _

The biographical questionnaire proposed for this project has been administered
to 545 of the ATC trainees attending the FAA Academy during the period 1976-
1977. Information on sex, race, OPM selection scores, ATC training laboratory
composite scores and train <ig pass/fail status was also available for this
sample of 545 students. These data were provided to the Institute for
Behavioral Research, University of Georgia, for analysis. Eight factors were
identified through factor analysis:

" Academic factor
o Social factor
o Child Relationship factor
o Initiative factor
" IFR/VFR Experience factor
o Parental Permissiveness factor
o Physical/Sports factor
" Socio/Economic factor

Based on these, the 545 trainees were clustered into six subgroups with similar
life experiences. Because of the weak relationship between success or failure
in the laboratory training and the subgroup memberships, the eight life ex-
perience factors were used to predict the laboratory score using regression
and stepwise regression analysis. The results showed that the factors were
not good predictors of the laboratory composite score which determined *:he
pass/fail status of ATC trainees. Generally the results showed that ATC
experience and tests involving mathematics and physical sciences would yield
better predictions of success in AT training. The report ( I)) suggested
that using a sample of working controllers to establish similar life experi-
ence and group membership might prove more meaningful. While this had been
planned as part of the project methodology ( (6), the results of the University
of Georgia study, the OPM concerns regarding validity of biographical data as
a selection basis and cost consideration resulted in terminating this approach
toward alternative selection procedures.
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As pointed out in conjunction with the analysis of the sample of 953 ATC
trainees attending the FAA Academy in 1978 (page 101), the FAA recognized
the difficulty of selecting women and minorities from competitive OPM
registers in 1968. As a consequence, the Predevelopmental ATC program was
established. In 1974, Executive Order 11813 provided for noncompetitive
conversion of Cooperative Education students and this authority was incor-
porated in the recruitment and selection program for women and minorities
in air traffic'and other FAA occupations.

These alternative selection programs have been and will continue to be a
major vehicle to address the adverse impact on women and minorities as
well as the Federal Equal Opportunity Recruitment Program (FEORP) reqi.ire-
ments established by the 1978 Civil Service Reform Act.

Table 123 shows the total number of ATC trainees hired from January 1976
through October 1980; those hired from OPM register (competitive) and those
hired through the Predevelopmental and Co-op program (non-competitive) by
race and sex.

TABLE 123
ATC TRAINEES HIRES

January 1976.-,October 1980

Total 2 of Competitive I of Non-Competitive I of
Group Mires Total Hires Group Hires Group

Hen 6653 ( 84.3) 6218 ( 93.52) 435 ( 6.52)

omen 1241 ( 15.72) 837 ( 67.42) 404 ( 32.62)

Total 7694 (100.02) 7055 ( 89.42) 839 ( 10.62)

American Indian 21 ( .32) 18 ( 85.72) 3 ( 14.3Z)

Asian 66 ( .9%) 61 ( 92.42) 5 ( 7.62)

Hispaaic 220 ( 2.82) 134 ( 60.92) 86 ( 39.11)

lack 618 ( 7.92) 300 48.52) 318 C51.5)

White 870 ( 88.12) 6442 (93.8) 428 ( 6.22)

Togsl 7795 (100.o2) 6955 (69.22) 40 (10.82)
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CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS: The various research studies previously discussed support the

following conclusions.

" The experimental ATC test battery comprised of MCAT, OPM 157,
and OPM 24 is a valid and statistically significant tool for
use in screening applicants for the ATC occupation. The need
for screening applicants is particularly important for this
occupation because of: (1) the high cost of training to the
taxpayer; (2) the large number of applicants in relation to
the relatively few vacancies which are filled each year; and
(3) the fact that there is essentially no "self screening" on
the part of applicants since there are no educational or spe-
cialized experience requirements for appointment eligibility
at the entry grade levels (GS-5 or GS-7).

" The use of the Occupational Knowledge Test (OKT) in conjunction
with the experimental ATC test battery increases the predictive
validity of the selection procedure. It provides a better
method of establishing the applicant's knowledge relevant to
the ATC occupation as compared to the Rating Guide presently
used by the Office of Personnel Management. Further, the
use of OKT allows applicants who have acquired this knowledge
outside of the specific work experiences given credit under
the present Rating Guide to earn extra credit for competitive
selection consideration.

" The use of the experimental ATC test battery and OKT scores for
ranking competitive ATC applicants for appointment consideration
and selecting those with the highest scores first is a valid use
of the applicantd test scores since it significantly increases
the probability of success in the ATC occupation as measured by
passing the Initial ATC Qualification Training Program. The
addition of veterans preference points to an applicant's score
on the ATC test battery is not a valid predictor of success in
the ATC occupation.

" The statistical analyses encompassed a large number of different
experimental tests including the five OPM tests presently used
for scoring ATC applicants. The resulting experimental ATC
test battery (MCAT, OPM 157, and OPM 24) was derived from
multiple regression analysis. The tests were examined with
respect to both unweighted and weighted test score values.
Only the OPM 157 test of the present five OPM tests contributed
to the multiple correlation (R) predicting the ATC training
(performance) criteria. Weighting the tests increased the

validity of the ATC test battery.
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" Analysis of the utility of the ATC test battery indicates a
significant potential for reducing overall cost of ATC

training. The new test is effective in identifying those
applicants who pass the present OPM ATC test but have high
fail/withdraw rates in the Initial ATC Qualification training
program. Operational use of the new ATC test battery would
require more frequent administration (perhaps three times a year)
in order to obtain more applicants with Earned Rating scores
above 85 as compared to the present OPM test.

" Establishing the passing score on the new ATC test battery at
the approximate mean score for an ATC applicant group is
supported by the analysis of fail/withdraw rates by score range
groups. Setting a higher passing score (for example a transmuted
score of 80) would significantly increase the adverse impact on
women and minorities as well as make it extremely difficult to
recruit women and minorities through either competitive or non-
competitive selection procedures.

" The present OPM ATC test battery and the experimental ATC test
battery both have an adverse impact on some minority groups,
particularly Blacks. When extra credit for veterans preference and
ATC related knowledge or experience is granted to those applicants
who pass the test battery, there is also an adverse impact on
womer. The experimental ATC test battery has a somewhat greater
adverse impact on selection of Women and Blacks than does the present
OPM ATC test battery. The veterans preference credit is a signi-
ficant factor in the adverse impact on Women. While the statis-
tical evidence does not support the validity of veterans preference
in relation to performance criteria, it is required by law.

" Given the evidence of adverse impact on women and some minority
groups, especially Blacks, analyses of test fairness were com-
pleted on the various components of the experimental test battery
and the OKT. These analyses show that the requirements of the
Uniform Guidelines on Employee Selection are met for the ATC test
battery comprised of MCAT and OPM 157 and for MCAT, OPM 157 and
OKI extra credit points. This was true for both men and women

and the White and Black groups.

" The Multiplex Controller Aptitude test (MCAT) is the major com-
ponent in the validities obtained with the new ATC test. The
analysis of fairness for MCAT, by itself, included a sample of
men and women as well as White and Black tr;iin vs which wa pro-
portional to the total population of ATC trainees attending the
FAA Academy during the period of January 1976 through October 1980.
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e The addition of OPM 24 test scores to the MCAT and OPM 157 test
battery revealed a significant difference in the population
variance between the White and Black groups indicating that an
ATC test battery comprised of MCAT, OPM 157 and OPM 24 did not
meet the fairness requirements of the Uniform Guidelines for the
White and Black groups. The effect of these differences would be
to bias the test battery somewhat in favor of the Black group if
a coon regression line for the two groups were used. However,
there-were no significant differences between men and women on
this ATC test battery.

RECOMMENDATIONS: Based on the conclusion derived from the research studies,
the following recommendations for the use of selection tests and procedures
to qualify, rate and rank applicants for the Air Traffic Control occupation
are supported.

*The ATC Test Battery used for qualifying applicants for placement
on competitive OPM registers or for qualifying applicants 'for
non-competitive appointment consideration should con Sist of:

(1) The two forms of the Multiplex Controller Aptitude Test
(MCAT) with the total correct scores weighted by a
value of 2.

(2) The present OPM Test, Abstract Reasoning and Letter
Sequence scored (R-l/4W) weighted by a value of 1.

(3) Each form of the MCAT has 55 questions segmented into
two parts; 20 minutes is allowed for Part A (27 or 28
questions); and, 15 minutes allowed for Part B (27 or
28 questions). Eight minutes is also allowed for
reading test directions and practice problems. There-
fore, a total of 43 minutes is required for administra-
tion of each MCAT form and the total test time required
for both MCAT forms is 1 hour and 26 minutes. The
Abstract Reasoning and Letter Sequence test is a two-
part test; each part has 25 questions. Test time for
Part A is 15 minutes; Part B is 20 minutes. There are
9 sample items with 5 minutes allowed for these practice
questions.

(4) Total testing time for the recommended ATC Test Battery,
including practice and test familiarization time, is
2 hours and 6 minutes.

o The composite weighted raw score on the test battery should be trans-
muted by a linear transformation of the distribution so that the
mean raw score of the applicant group is equated to a passing score
of 70.
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" All applicants, either compe-titive or non-competitive, who score
70 or greater should be considered as eligible for appointment
consideration in the Air Traffic Control occupation.

" The Occupational Knowledge Test (OKT) should be administered to
all competitive and non-competitive applicants together with the
recommended ATC Test Battery. The results of the OKT test should
be used for granting additional earned credit in place of the
present OPM Rating Guide.

(1) The OK is an 80-item test and is scored for correct
answers only. Test time is 50 minutes. There are no
practice items. Two minutes are allowed for readinc
test directions.

(2) The total test administration time, including OKT, is
2 hours and 58 minutes.

(3) Additional earned credit should be granted ,nil- to
those applicants who achieved a score of 70 or greater
on the qualifying ATC Test Battery (MCAT and OPM 157).

(4) Additional earned credit points should be granted to
qualifying applicants based on OK scores as foilows:

OKT Scores
Right Transmuted Additional

OKT Scores Scale Points Earned
0-80 0-100

52-55 = 65-69 = 3
56-59 = 70-74 - 5
60-63 = 7,-7t ) 10

64+ = 80+ = 15

(5) For competitive applicants, additional points based on OKT
scores should be added to the scores of applicants who
achieve 70 or more on the ATC Test Battery. The total score,
together with any veterans preference points, should be used
to rank candidates for selection consideration on the OPM
register.

(6) For non-competitive applicants, the OKT scores together with
the ATC Test Battery should be used as a basis for offering
GS-7 appointments in tae ATC occupation rather than GS-5

predevelopmental appointments to those individuals whose high
scores indicate they have the aptitude and knowledge to
enter the GS-7 Initial ATC Qualification training.

o Qualified applicants should be ranked for competitive appointment

consideration based on the sum of their scores on the ATC Test
Battery, the OKT and Veterans Preference credit with those appli-

cants having the highest total score (Earned Rating) given first

consideration for selection.
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" The existing OPM register of qualified applicants (approximately
4,500) should be retained. Applicants who qualify on the basis
of the new ATC Test Battery should be interspersed in their
appropriate rank order with those applicants who are presently
on the register.

" The six parallel forms of MCAT and the eight parallel forms of
OKI which have been developed and used in conjunction with the
validation studies should be placed into operational use for ATC
applicant screening and selection.

" The FAA, Office of Aviation Medicine, should be delegated the
responsibility from OPM for continued development of additional
parallel forms of MCAT and OKT to insure against compromise of
operational test forms.
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